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Abstract of DE4239055 

The method for detecting and quantifying 
ignition irregularities, i.e. misfires, in a 
multicylinder IC engine involves using a 
crankshaft (1,2,3) sensor (4) to register an 
instantaneous fall in angular velocity during an 
expansion stroke as evidence of misfire. The 
misfires are counted (15) during an interval of 
200 to 1000 revolutions, and on detection of 
an untypical increase in the number of 
apparent misfires a second counter (29) is 
triggered. 

Such apparent misfires are caused by dynamic 
change in driving conditions e.g. acceleration, 
road surface, ice etc. registered by the second 
counter (29) via a suitable sensor (31 ) for 
subtraction from the first counter total. The net 
total is referenced to a preset threshold for 
visual warning (22). 

USE/ADVANTAGE - Reliable indication of 
genuine misfires corrected for driver induced 
or random changes in dynamics of vehicle. 
Gives warning of possible damage due to 
overheating of catalytic converter etc.. 
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@ Verfahren und Vorrichtung zur Erkennung und Erfassung von Verbrennungsaussetzern bei 
Mehrzylinder-Brennkraftmaschinen in Fahrzeugen 

(§) Die Erfindung betrifft ein Verfahren und eine Vorrichtung 
zur Erkennung und Erfassung von Verbrennungsaussetzern 
bei Mehrzyiinder-Brennkraftmaschinen in Fahrzeugen. Bei 
der bekannten Erfassung von Verbrennungsaussetzern be- 
steht das Problem von Fehlerkennungen, die zum (nicht 
erforderitchen) Einschalten einer Wamlampe fuhren kdnnen. 
Dieses Problem wird erfindungsgemaB dadurch geldst, daft 
beim Auftreten untypischer Veranderungen in der Ausset- 
zerrate zusatzlich zu einem Aussetzerzahler (15) ein Fehler- 
kennungszahler (29) gestartet wird. Wenn in einem durch 
einen Timer (27) vorgegebenen Zahlintervall fur den Fehler- 
kennungszahler (29) ein Fahraktionssignal (31) Oder ein 
Plausibilitatsstgnal (35) auftreten, wird der momentane Zah- 
lerstand des Aussetzerzahlers (15) urn den Zahlerstand des 
Fehierkennungszahlers (29) nach unten korrigiert 
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R-schreibune Armaturenbrett angesteuert In einigen Landern ist ge- 

tscscnremung plant> beim A ufleuchten einer solchen Warnlampe ernen 

Die Erfindung betrifft ein Verfahren zur Erkennung sofortigen Werkstattbesuch mit einer Behebung von 

^"rbren^ungsaussetzer in Brennkraftmaschinen k6n- l0 unabhangig von Verbrennungsa^ettern i audi durch 
H,,rrh rinf tehterhafte Kraftstoffzumessung oder Storeinflusse, wie Fahr- und Fahrbahneinflusse, ausge- 
™£ t h e zSnd^rvenSa^wSdeo wobei insbe- lost werden. Dies fflhrt zu Fehlerkennungen von (tat- 

rnnH^r^n vorkommerL 15 summiert werden. Dadurehkannes am Ende ernes ZaW- 

B |2SS!SSSl«e sind mit Abgasreinigungs- intervalls zu einer unzulfcsig ^J^S" 
an iac;*n ausmsrOstet. die einen Abgaskatalysator enthal- setzerrate kommen, die flber der Grenzwertaussetier. 

'teXSCtS X solcher Abgaska- anzahl liegt Dann wind die Warnlampe ™t der Ver- 
SsSorbe ^!)Te?himingbichadigt und in seiner Wir- pflichtung eir.es ; Werkstattbesuchs 
LnJ^IufzeSt werden kann. Eine groBe Gefahr- 20 dies nicht erforderhch 1st und auf Fehlerkennungen be- 
dSSdSS ^^Tb««Kei?erS^ungsaus. ruht Bei einem ^^SS^l^SSS^ 
setzern der Brennkraftmaschine, wenn Nachreaktionen nur die ordnungsgemaBe Funktion der Brennkraltma 
h-c h Jr,n nnv^rhr^nnten Kxaftstoff-Luft-Gemisches im schine festgestellt werden, was ernen ungerechtfertig- 
IS^S^^^iS^^P^^t ten, groBerf Aufwand mit erheblichen 
dSTdaBeme Beschadigung von Abgaskatalysatoren, » keiten fQr einen Fahrzeughalter. aber auch eine Nega- 
wenn* durcrOberhUzunFderen Funktion vermindert tivwerbung, eventual vcrbunden n* :emer Arfwandser- 

^ ^L^SS. 1 ^ * " 11111 ^ ^r S d^m eme ^en ghe ^ der 
A ZuTineV SsuS dteses Problems ist es bereits be- DE 41 00 527 Al wird in jedem Fall die Aussetzerbe- 
kaSmfD^oiS^^^ 30 stimmung irmerhalb einiger vorgegebener Zundtakte 

mascWne , au ^erbrenhungsaussetzer hin zu uberwa- nach dem Feststellen ernes Aussetzers eingestellt. Vor- 
chen undz^ zugsweise soil eine solche Einstellung aba • emige 

M NttM*«»«£i den Fahrer eines Fahrzeugs ZOndtakte jedoch ?SJ!Sl55SS 

ffs^sssr ciner Feh,er,ampe " Araaturen " as s=st««st£ 

zJr &SnS*ng eines Verbrennungsaussetzers geht gestellt und dann die Aussecerbestinunung «r einige 
die1eSbeSeVerfahrenvonderOberlegungaus,da^ ZQndtakte eingesteUt und wud dann 
bei der Verbrennune in jedem Zylinder die entstehen- Aussetzer festgestellt, bevor die Zahl derWartezOndt- 
aen <£k£ta S SfefmorSnt i der KurbelweUe er- akte erreicht ist. erfolgt kein weiteres E^teflen de 
zeueendaswahrend der Drehung urn einen Kurbelwin- 40 Aussetzerbestimmung, sondern jeder folgende Ausset- 
MWMTand? KurbelweUe Arbeit leistet Beim Aus- zer wird gez&hlt, solange nicht imndestens uber die vor- 
seSeTdSverore^^rJ ^JSEtS* gelei- gegebene* Zahl von Wartezttndtakten kein Aussetzer 
sfet undTnteDrechend nimmt die Rotationsenergie und mehr auftritt Erst dann wird nach emem erneuten Arss- 
d^c^M^dX^el^indcm^rd. setter die A^etzerbestimmung fOr dievorgegebene 
«^n K«rh«lwiiAelbereichab 45 Anzahl von ZQndtaktenwieder eingestellt 

e^eMorf^eH zur Erkennung einer sol- Damit wird beim Auftreten eines Aussetzerssignals 
chen mSSSSJSSS bei einem Verbrennungsausset- der Zahlvorgang sofort ^^S^I^SfZ 
zer hestehtctarin daB wahrend eines Arbeitstakts jedes de Aussetzersignale werden als Fehlerkennungen ge- 
ZvHndS i flbSTdnen beSten Kurbelwellen-Dreh- wertet und nicht mjtgezahlt Erst werni ruu^h der Emste - 
wuS£re^ so ^^Aussetzerbe*^ 

,oW^i^lVrr,{rtel7 wirdL AnschBeBend wird dieser Dreh- setzer festgestellt wird, erfolgt erne durchgehende Zah- 
2ta3 mh ^dem^b^eS^^rg^henden lung, die dann aber nicht als Fehlerkennung gewertet 
vXennung bz£. des in der ZOndfolge vorhergehen- wird Die Aussetzererkennung ; wird irruner dann ganz 

5SSBSS3SL SLAS-SSSSS MAM 

u^TreKlabE einem Kennfeld ausgelesen gungssensor erkannten Fahrunebenheiten. 

ten is^wird eine dauerhaf t leuchtende Warnlampe am untypische Veranderungen hin analysiert. Beim Auftre- 
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ten solcher untypischer Veranderungen wird ein Startsi- 
gnal fur einen zweiten Zahlvorgang erzeugt, bei dem in 
einem zusatzlichen Fehlerkennungszahler parallel zum 
Aussetzerzahler ebenfalls die Aussetzersignale zu ei- 
nem Fehlerkennungszahlerstand gezahlt und aufsum- 5 
miert werden. 

Die Zahldauer dieses Fehierkennungszahlers ist 
durch ein zweites Zahlintervall Qber einen Timer be- 
grenzt Nach diesem Zahlintervall wird der Fehlerken- 
nungszahler in jedem Fall wieder auf Null gesetzt 10 

Weiter werden dynamische Fahraktionen des Fahr- 
zeugs ermittelt und beim Auftreten solcher Fahraktio- 
nen jeweils ein Fahraktionssignal erzeugt Mit diesem 
werden der Aussetzerzahler und der Fehlerkennungs- 
zahler so angesteuert, daB der jeweilige momentane 15 
Fehlerkennungszahlerstand von der Aussetzerrate bzw. 
vom Aussetzerzahlerstand abgezogen wird. 

Durch das Auftreten des Fahraktionssignals besteht 
eine hohe Wahrscheiniichkeit dafflr, daB die erfaBten, 
untypischen Veranderungen in der Aussetzerrate auf 20 
Fehlerkennungen beruhen, die aufgrund dynamischer 
Fahraktionen (z. B. Bodenunebenheiten, Leistungsande- 
rungen, Glatteis, eta) aufgetreten sind und nicht auf 
tatsachlichen Verbrennungsaussetzern beruhen. Der je- 
weilige Aussetzerzahlerstand wird somit urn den Feh- 25 
lerkennungszahlerstand nach unten korrigiert, so daB 
(bei tatsachlich nicht aufgetretenen Verbrennungsaus- 
setzern) die zuiassige Grenzwert- Aussetzeranzahl nicht 
erreicht und damit auch die Warnlampe nicht einge- 
schaltet wird. Diese Korrektur wird somit nachtraglich 30 
im Aussetzerzahler durchgefuhrt, obwohi dort Fehler- 
kennungen bereits mitgezahlt wurden. 

Mit der erfindungsgemaBen MaBnahme wird somit 
erreicht, daB eine Ansteuerung der Warnlampe mit ggf s. 
verpflichtendem Werkstattbesuch unterbleibt, obwohi 35 
der Aussetzerzahler aufgrund von Fehlerkennungen 
■den vorgegebenen Grenzwert Oberschreiten wurde. 

Nach Anspruch 2 wird eine gut funktionsf ahige und 
optimierte Auslegung erreicht, wenn das erste Zahlin- 
tervall fur den Aussetzerzahler und das zweite Zahlin- 40 
tervall fur den Fehlerkennungszahler etwa gleich groB 
sind und bevorzugt eine IntervallgroBe von 200 bis 1000 
Kurbelwellenumdrehungen haben. 

Wenn der Fehlerkennungszahler relativ spat im Zahl- 
intervall fur den Aussetzerzahler durch eine Unregel- 45 
maBigkeit gestartet wird, kann es insbesondere bei der 
Auslegung nach Anspruch 2 vorkommen, daB das zwei- 
te Zahlintervall fur den Fehlerkennungszahler (ohne 
daB ein Fahraktionssignal erzeugt wurde) noch lauft, 
wenn das erste Zahlintervall bereits vorbei ist Da aber 50 
in jedem Fall abgewartet werden solle ob wahrend des 
zweiten Zahlintervalls ein Fahraktionssignal fur eine 
Reduzierung der im ersten Zahlintervall ermittelten 
Aussetzeranzahlen erzeugt wird, wird nach Anspruch 3 
vorgeschlagen, daB in der Zeit, wahrend der Fehlerken- 55 
nungszahler lauft, die Warnlampe nicht angesteuert 
wird. Dies auch fQr den Fall, daB die Grenzwertausset- 
zeranzahl im Aussetzerzahler uberschritten ist, da diese 
mdglicherweise nachtraglich noch durch die im Fehler- 
kennungszahler aufsummierte Aussetzeranzahl unter 60 
die Grenzwert-Aussetzeranzahl reduziert wird. 

Wenn das Fahraktionssignal noch wahrend des ersten 
Zahlintervalls erzeugt wird, kann die im Aussetzerzah- 
ler aufgelaufene Aussetzeranzahl lediglich reduziert 
werden und baut sich dann vom reduzierten Niveau bis 65 
zum Ende des ersten Zahlintervalls weiter auf, wobei 
dann der Grenzwertvergleich am Ende des ersten Zahl- 
intervalls durchgefuhrt wird 
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Wenn innerhalb des ersten Zahlintervalls jedoch kein- 
Fahraktionssignal bei laufenden Fehlerkennungszahler 
erzeugt wird, wird gemafi Anspruch 4 nach dem Ablauf 
des ersten Zahlintervalls ein Merkflag gesetzt Dieses 
Merkflag zeigt an, daB an sich wahrend des vorangegan- 
genen Zahlintervalls eine GrenzwertQberschreitung im 
Aussetzerzahler vorgelegen hat, jedoch noch der Feh- 
lerkennungszahler lauft, so daB beim Auftreten eines 
Fahraktionssignals die vorhergehende Aussetzeranzahl 
im Aussetzerzahler nach unten korrigiert werden kdnn- 
te. Tritt nun kein Fahraktionssignal bis zum Ablauf des 
zweiten Zahlintervalls auf, erfolgt eine Ansteuerung der 
Warnlampe, da keine Fehlerkennung vorgelegen hat 
Wird dagegen ein Fahraktionssignal gegeben, erfolgt 
die vorstehend ausgefOhrte Subtraktion, die zu einer 
Reduzierung der ermittelten Aussetzerrate unter den 
Grenzwert fuhren kann, wodurch dann die Warnlampe 
nicht angesteuert wird. 

In einer bevorzugten Ausfuhrungsform nach An- 
spruch 5 wird jeweils mit dem Auftreten eines Fahrak- 
tionssignals der Fehlerkennungszahler auf Null gesetzt 
und/oder eine bestimmte Maskierzeit gestartet, wah- 
rend der die Verbrennungsaussetzererkennung, insbe- 
sondere der Aussetzerzahler und der Fehlerkennungs- 
zahler, deaktiviert werden. Damit soli erreicht werden, 
daB offenbar gerade auftretende Stdrungen fur eine 
kurze Zeit, bevorzugt Qber ca. 1/2 Zahlintervall, ganz 
ausgeblendet werden. Es wird dabei davon ausgegan- 
gen, daB beim Vorliegen tatsachlicher Fehler im ZQnd- 
system oder in der Kraftstof f einspritzung diese ohnehin 
regelmaBig nacheinander auftreten werden und damit 
unmittelbar in nachsten Zahlint ervallen (ohne daB durch 
Randbedingungen Fahraktionssignale erzeugt werden) 
wieder auftreten und dann zur Ansteuerung der Warn- 
lampe fuhren. 

Nach Anspruch 6 soil der zweite Zahlvorgang mit 
einem vorgegebenen Anfangswert im Fehlerkennungs- 
zahler gestartet werden. Mit dieser MaBnahme wird 
dem Umstand Rechnung getragen, daB beim Auftreten 
untypischer Veranderungen, d. h. bevor der Fehlerken- 
nungszahler gestartet wird, diese (mdglicherweise feh- 
lerkannten) Aussetzersignale bereits im Aussetzerzah- 
ler erfaBt sind, ohne daB sie ggfs. spater durch die im 
Fehlerkennungszahler erfaBten Fehlerkennungen noch 
reduziert werden kdnnen, da der Fehlerkennungszahler 
spater gestartet wurde. 

Mit Anspruch 7 wird vorgeschlagen, daB fur den Fall, 
wenn ein Fahraktionssignal bei gestartetem Fehlerken- 
nungszahler im ersten Zahlintervall auf tritt, dieses Zahl- 
intervall urn die vorhergehende Einschalt-Intervalldau- 
er des Fehlerkennungszahlers verlangert wird. Damit 
wird dem Aussetzerzahler die Moglichkeit gegeben, in 
dem gerade betrachteten Zahlintervall noch tatsachlich 
auftretende Verbrennungsaussetzer fur einen geeigne- 
ten Vergleich mit dem Grenzwert zu zahlen. 

In einer weiterf uhrenden Ausbildung nach Anspruch 
8 wird nicht nur ein Fahraktionssignal betrachtet, das 
von einer tatsachlich erfolgten Fahraktion abgeleitet 
wird. Es werden vielmehr auch nicht unmittelbar und 
direkt erfaBbare Stdreinflusse Qber Plausibilitatsbe- 
trachtungen beriicksichtigt Falls beispielsweise bei 6 
Zundungen 3 Aussetzer (bei laufender Brennkraftma- 
schine) ermittelt werden, wurde dies auf den Ausfall der 
Halfte der Zyiinder hinweisen, was offensichtlich nicht 
der Fall sein kann. Unter Zugrundelegung dieser Ge- 
danken wird ein Plausibilitatssignal erzeugt, dergestalt, 
daB kurze, aufeinanderfolgende, dritte Zahlintervalie 
und die darin auftretenden Aussetzer erfaBt und mit 
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einer maximal zuiassigen Kurczeit-Grenzwert-Ausset- 
zeranzahl verglichen werden. Beim Oberschreiten einer 
festgelegten, im Fahrzeugbetrieb aber nicht mSglichen 
Kurzzeit-Grenzwert-Aussetzeranzahl wird dann ein 
Plausibilitatssignal erzeugt, das die gleiche Eingriffswir- 
kung wie das Fahraktionssignal hat, namlich daB der 
aufgelaufene Zahlwert eines bereits gestarteten Fehler- 
erkennungsz&hlwerts vom Zahlwert des Aussetzerzah- 
lers abgezogen wird. Mit dieser MaBnahme kdnnen so- 
mit auch Fehierkennimgen bei schwierig zu detektie- 
renden Fahraktionen berficksichtigt werden, wodurch 
auf kostspielige Sensoren, wie z. B. Beschleunigungsauf- 
nehmer, zur Erfassung soldier Fahraktionen weitge- 
hend verzichtet werden kann. 

Da Stttreinflfisse von den Betriebsbedingungen der 
Brennkraf tmaschine abhSngig sind, wird mit Anspruch 9 
vorgeschlagen, daB die Grenzwert-Aussetzeranzahl 
und/oder die Kurzzeit-Grenzwert-Aussetzeranzahl in 
Abhangigkeit vom Betrieb der Brennkraftmaschine 
stSndig neu berechnet werden und/oder in an sich be- 
kannter Weise aus einem Kennf eld entnommen werden. 

Als untypische VerSLnderung im ersten Zahlintervall 
zum Start des Fehlerkennungszahlers wird nach An- 
spruch 10 ein sehr schneller Anstieg der Aussetzerrate 
oder eine Inhomogenitat in der Art eines Knicks be- 
trachtet 

Dynamische Fahraktionen, nach denen ein Fahrak- 
tionssignal erzeugt wird, kfinnen nach Anspruch 1 1 bei- 
spielsweise fiber Beschleunigungssensoren oder fiber 
Geber, die eine schnelle Drosselklappen- oder Gaspe- 
dalstellungsanderung erfassen, festgestellt werden. 

Hinsichtlich der Vorrichtung wird die Aufgabe mit 
den kennzeichnenden Merkmalen des Anspruchs 12 ge- 
16st 

In der Vorrichtung ist zusatzlich zum Aussetzerzahler 
ein weiterer Zahler als Fehlerkennungszahler vorgese- 
hen, der mit einem Timer und mit dem Aussetzerzahler 
vcrbunden ist und dem die Aussetzersignale zugefuhrt 
werden, Der Timer ist mit einer Einheit zur Erkennung 
untypischer Veranderungen in der Aussetzerrate ver- 
bunden und beim Auftreten solcher Veranderungen 
werden der Timer und der Fehlerkennungszahler durch 
ein Signal gestartet Weiter ist eine Einrichtung zur Er- 
zeugung von Fahraktionssignalen und/oder Plausibili- 
tatssignalen vorgesehen. Beim Auftreten eines entspre- 
chenden Signals wird der momentane Zahlerstand des 
Fehlerkennungszahlers vom Zahlerstand des Ausset- 
zerzahlers abgezogen und der Tuner und der Fehler- 
kennungszahler werden zurfickgesetzt 

Eine solche Vorrichtung kann einfach und mit dem im 
Zusammenhang mit dem Verfahren erlauterten Vortei- 
len kostengtinstig mit nur im Vergleich zum gattungsge- 
maBen Stand der Technik wenigen, zusatzlichen Bautei- 
len auf gebaut werden. 

Anhand einer Zeichnung wird die Erfindung weiter 
erlautert. 

Eszeigen 

Fig- 1 eine schematische Darstellung einer Vorrich- 
tung zur Erkennung und Erfassung von Verhrenmings- 
aussetzern bei Mehrzylinder-Brennkraftmaschinen in 
Fahrzeugen, 

Fig. 2 Diagramme, in denen insbesondere Zahlerstan- 
de wahrend Zahlintervallen dargestellt sind, ohne Kor- 
rektur durch eine Fehlerkennung, 

Fig. 3 eine Darstellung entsprechend Fig. 2, mit einer 
Fehlerkennungskorrektur wahrend eines Beobach- 
tungs- und Z&hlintervalls und 

Fig. 4 eine Darstellung entsprechend Fig. 3 mit einer 


nachtraglichen Fehlerkennungskorrektur nach einem 
Zahlintervall. 

In Fig. 1 ist auf einer Kurbelwelle 1 ein Zahnrad 2 
angebracht, dessen Zahne 3 bzw. Zahnflanken als Si- 
5 gnalgeber mit einem ersten Sensor 4 zusammenwirken. 
Bei einer Brennkraftmaschine, die im Viertaktbetrieb 
arbeitet, besteht jedes Arbeitsspiel aus zwei Umdrehun- 
gen der KurbelweUe. FQr eine Sechszylinder-Brenn- 
kraftmaschine ergeben sich daraus drei Verbrennungen 
io pro Umdrehung, so daB jedem Zylinder somit 1/3 eines 
Kreises, also 120° , zugeordnet sind. Die Kurbelwelle 1 
treibt mit halber Kurbelwellendrehzahl eine Nocken- 
welle 5, die eine Phasenmarke 6 tragt, welche mit einem 
zweiten Sensor 7 zusammenwirkt Ober diese Phasen- 
15 marke 6 ist eine eindeutige Zuordnung eines bestimm- 
ten Zylinders zu einem Kurbelwellenwinkel mdglich. 

Die Signale aus den beiden Sensoren 4 und 7 sind 
einem digitalen Motorsteuergerat 8 zugefuhrt, dem wei- 
tere Parametersignale, insbesondere ein Lastsignal 9, 
20 zugefuhrt werden. Das Steuergerat 8 ermittelt den Ein- 
spritzzeitpunkt, die Einspritzmenge und den Ztindzeit- 
punkt und ubertragt entsprechende Signale an eine 
elektronische Einspritzvorrichtung 10 und eine Zund- 
vorrichtung 11. 
25 Einer Einheit 12 zur Ermittlung von Aussetzersigna- 
len (die auch im Motorsteuergerat 8 integriert sein 
kann) werden uber eine Leitung 13, insbesondere die 
dort verarbeiteten Signale, ebenfalis zugefuhrt. Fur eine 
Aussetzererkennung wird innerhalb eines MeBfensters 
30 mit Hilfe einer Zeitmessung ein mittlerer Drehzahlwert 
aus dem Vorbeigang eines bestimmten Kurbelwellen- 
drehwinkelbereichs am Sensor 4 berechnet. Dieser ge- 
mittelte Drehzahlwert wird jedem Arbeitstakt zylinder- 
selektiv zugeordnet Dieser Drehzahlwert wird mit ei- 
35 nem Drehzahlwert der vorhergehenden Verbrennung 
verglichen, indem ein Differenzwert gebildet wird. 
Wenn dieser Differenzwert einen- vorgegebenen 
Schwellwert uberschreitet, wird auf einen Aussetzer ge- 
schlossen und ein entsprechendes Signal als Impulssi- 
40 gnal in der Leitung 14 abgegeben. 

Der Einheit 12 ist ein Aussetzerzahler 15 nachge- 
schaltet, der von einer Zahlintervallsteuerung 16 tiber 
eine Leitung 17 so gesteuert wird, daB er jeweils nach 
1000 Umdrehungen gestartet und zuriickgesetzt wird 
45 Zugleich wird uber eine Leitung 18 zum Ende eines 
Zahlintervalls ein Vergleicher 19 aktiviert, der die im 
Aussetzerzahler 15 zum Ende eines Zahlintervalls auf- 
summierte Intervall-Aussetzeranzahl (fiber Leitung 20) 
mit einem zugefOhrten Grenzwert (Leitung 21) ver- 
so gieicht Beim uberschreiten dieses Grenzwerts wird ei- 
ne Warnlampe 22 angesteuert (Leitung 23). 

Zugleich werden die Aussetzersignale einer Einheit 
24 zur Erkennung untypischer Veranderungen der Aus- 
setzerrate zugefuhrt (Leitung 25). Falls eine solche unty- 
55 pische Verandenmg, z. R ein pldtzlich starker Anstieg, 
festgestellt wird, wird fiber eine Leitung 26 ein Startsi- 
gnal an einen nachgeschalteten Timer 27 gegeben. Ober 
diesen Timer wird ein zweites Zahlintervall bestimmt, 
wobei fiber eine Leitung 28 ein Fehlerkennungszahler 
60 29 gestartet und zurfickgesetzt werden kann. Diesem 
Zahler 29 werden ebenfalis die Aussetzersignale zuge- 

ffihrt (Leitung 30X 

Ober eine Leitung 31 kann dem Fehlerkennungszah- 
ler ein Fahraktionssignal zugefOhrt werden, das bei- 
65 spielsweise bei einer schnellen Beschleunigung oder ei- 
ner. groBen Lastanfordenmgsanderung, erzeugt wird. 
Beim Auftreten eines solchen Signals werden der Feh- 
lerkennungszahler 29 und der Timer 27 gestoppt (Lei- 
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tung 32) und zurflckgesetzt Zugleich wird die im Fehler- 
kennungsz&hler 29 aufsummierte Fehlerkennungsan- 
zahl an den Aussetzerzahler 15 gegeben (Leitung 33) 
und von dem dortigen, momentanen Zahlerstand abge- 
zogen. 

Parallel und mit der gleichen Wirkung wie ein Fahr- 
aktionssignal kann in einer Einheit 34 ein Plausibilitats- 
signal erzeugt werden (Leitung 35). Dazu werden aber 
kurze Zahlintervalle auftretende Aussetzer (zugefflhrt 
mit Leitung 36) mit Kurzzeitgrenzwerten verglichen, die 
aus technischen Oberlegungen beim Betrieb der Brenn- 
kraftmaschine nicht uberschritten werden konnen, so 
daB ermittelte Aussetzer auf StdreinflOssen beruhende 
Fehlerkennungen sein mussen. Auch beim Auftreten ei- 
nes Plausibilitatssignals werden der Fehlerkennungs- 
zahler 29 und der Timer 27 (uber Leitung 54) gestoppt 
und zuruckgesetzt 

In den Fig. 2, 3 und 4 sind jeweils in den Diagrammen 

a) die Zahlerrate des Aussetzerzahlers 15 innerhalb auf- 
einanderfolgender, erster Zahlintervalle 37 (entspre- 
chend 1.000 Umdrehungen) angegeben. Im Diagramm 

b) ist das durch den Timer 27 vorgegebene Zahlintervall 
und im Diagramm c) ist ein Fahraktionssignal einge- 
zeichnet 

Im Diagramm d) ist der Zahlerstand des Fehlerken- 
nungszahiers 29 gezeigt und im Diagramm e) die Dauer 
eines Merkflag gezeigt 

In den Fig. 2, 3 und 4 ist im Diagramm a) jeweils ein 
Qblicher und unkritischer Anstieg (Kurvenbereich 38) 
dargesteilt, der bei einer entsprechenden Weiterf uhrung 
die eingezeichnete Grenzwertaussetzeranzahi 39 im 
Zahlintervall 37 nicht Qbersteigen wQrde. An der Stelle 
40 erfolgt nun ein untypischer, schneller Anstieg, der 
von der Einheit 24 entsprechend erkannt wird, so daB 
kurz darauf (Bezugszeichen 41) sowohl der Timer 27 
(Diagramm b) als auch der Fehlerkennungszahler 29 
(Diagramm d) gestartet werden. Der Fehlerkennungs- 
zahler 29 wird dabei bereits mit einem vorgegebenen 
Anfangswert 42 gestartet, mit dem der Versatz zwi- 
schen den Stellen 40 und 41 berOcksichtigt wird. 

Am Ende des Zahlintervalls 37 wurde durch die ge- 
samte aufsummierte Intervall-Aussetzeranzahl 43 die 
Grenzwertaussetzeranzahi 39 uberschritten. Da der 
Fehlerkennungszahler 29 aber noch lauft (durch Timer 
vorgegebenes, zweites Zahlintervall 44), wird aber die 
Warnlampe 22 noch nicht angesteuert, sondern ein 
Merkflag 45 gesetzt Da bis zum Ablauf des gesamten 
zweiten Zahlintervalls 44 im Fall der Fig. 2 kein Fahrak- 
tionssignal oder Plausibilitatssignal erzeugt wird, wird 
dann an der Stelle 46 die Warnlampe eingeschaltet 

Fig. 3 stellt wieder den Fall dar, daB der Fehlerken- 
nungszahler 29 aktiviert wurde. Nun wird allerdings in- 
nerhalb des ersten Zahlintervalls an der eingezeichne- 
ten Stelle (Pfeil 47) ein Fahraktionssignal 48 (Diagramm 

c) erzeugt, wodurch die im Fehlerkennungszahler 29 
gezahlte Aussetzeranzahl von der im Aussetzerzahler 
15 abgezogen und der Wert 49 erhalten wird. 

Zudem wird eine Maskierzeit 50 gestartet, w&hrend 
der die Fehlererkennung inaktiv ist, so daB sich das erste 
Zeitintervall aus einem ersten Teil 51 und einem zweiten 
Teil 52 zusammensetzt Nach der Maskierzeit 50 wird 
somit der Zahlvorgang im Teil 52 weiter fortgesetzt; die 
Grenzwertaussetzeranzahi 39 wird zum Ablauf des 
Zahlintervalls nicht uberschritten, so daB keine An- 
steuerung der Warnlampe erfolgt Ersichtlich ware ohne 
den abgezogenen Korrekturwert aus dem Fehlerken- 
nungszahler 29 die Grenzwertaussetzeranzahi 39 uber- 
schritten worden. 


In Fig. 4 wurde wiederum der Fehlerkennungszahler 
29 gestartet Zum Ende des ersten Zahlintervalls 37 wur- 
de ersichtlich die Grenzwertaussetzeranzahi 39 durch 
die ermittelte Aussetzerrate Qberschritten. Da der Feh- 
5 lerkennungszahler 29 zu diesem Zeitpunkt noch lauft 
(der Timer 27 ist noch nicht abgelaufen, Diagramm b), 
wird die Warnlampe noch nicht angesteuert, sondern 
ein Merkflag 45 gesetzt An der Stelle 53 wird ein Fahr- 
aktionssignal 48 oder ein Plausibilitatssignal erzeugt 

io (Diagramm c\ wodurch vom momentanen Zahlwert 54 
des Aussetzerzahlers 15 der Zahlwert des Fehlerken- 
nungszahlers 29 abgezogen wird Dadurch wird der 
Wert Null erhalten, d. h. die Grenzwertaussetzeranzahi 
39 wird nicht erreicht, wodurch das Merkflag 45, der 

15 Timer 27 und der Fehlerkennungszahler 29 zurflckge- 
setzt werden und die Warnlampe nicht angesteuert 
wird. Zudem wird die Maskierzeit 50 gestartet und nach 
deren Ablauf summiert der Aussetzerzahler 15 die ein- 
laufenden Aussetzersignale wieder neu auf. In diesem 

20 Fall wurde somit eine Korrektur nach dem Ablauf des 
ersten Zahlintervalls 37 durchgefuhrt Trotz Ober- 
schreiten der Grenzwertaussetzeranzahi 39 hat dies zu 
keiner Ansteuerung der Warnlampe gefQhrt, da sich 
nachtrtglich herausgestellt hat, daB Fehlerkennungen 

25 vorgeiegen haben. 

Patentansprfiche 

1. Verfahren zur Erkennung und Erfassung von 

30 Verbrennungsaussetzern bei Mehrzylinder-Brenn- 
kraftmaschinen in Fahrzeugen, wobei 
dynamische Fahraktionen des Fahrzeugs ermittelt 
werden und beim Auftreten einer solchen Fahrak- 
tion ein Fahraktionssignal erzeugt wird, 

35 die Momentandrehzahl zugeordnet zum Arbeits- 
takt eines Zylinders gemessen wird und bei einer 
bestimmten Abnahme eines solchen Drehzahlwerts 
jeweils ein Aussetzersignal erzeugt wird, 
die erzeugten Aussetzersignale in einem Ausset- 

40 zerzahler wahrend bestimmter, auf einanderfolgen- 
der erster Zahlintervalle entsprechend jeweils ei- 
ner bestimmten Anzahl von Kurbelwellenumdre- 
hungen als Aussetzer gezahlt und zu einer Inter- 
vall-Aussetzeranzahl aufsummiert werden und 

45 dann der Aussetzerzahler wieder zuruckgesetzt 
wird, 

die im jeweiligen ersten Zahlintervall ermittelte In- 
tervall-Aussetzeranzahl mit einer vorgegebenen 
Grenzwert- Aussetzeranzahl verglichen wird und 
50 wenn die Intervall-Aussetzeranzahl diese Grenz- 
wert- Aussetzeranzahl uberschreitet, eine Warn- 
lampe eingeschaltet wird, 
dadurch gekennzeichnet, 

daB der Verlauf und Anstieg des Aussetzerzahler- 
55 standes im ersten Zahlintervall (37) ermittelt und 
auf untypische Veranderungen (40) hin analysiert 
wird, 

daB beim Auftreten von untypischen Veranderun- 
gen (40) ein Startsignal fur einen zweiten Zahlvor- 
60 gang erzeugt wird, bei dem in einem Fehlerken- 
nungszahler (29) parallel zum Aussetzerzahler (15) 
ebenfalls die Aussetzersignale gezlhlt und zu ei- 
nem Fehlerkennungszahlerstand auf summiert wer- 
den, 

65 daB die Zahldauer des Fehlerkennungszahlers (29) 
durch ein zweites Zahlintervall (44) begrenzt ist 
und danach der Fehlerkennungszahler (29) in je- 
dem Fall wieder auf Null gesetzt wird, und 
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daB mit dem Fahraktionssignal (48) bei ermitteiten 
dynamischen Fahraktionen der Aussetzerzahler 
(15) und der Fehlerkennungszahler (29) so ange- 
steuert werden, daB der jeweiiige Fehlerkennungs- 
zahlerstand vom Aussetzerzahlerstand abgezogen 5 
wird 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB das erste Zahlintervall (37) fur den 
Aussetzerzahler (15) und das zweite Zahlintervall 

(44) fiir den Fehlerkennungszahler (29) etwa gleich 10 
groB sind und bevorzugt eine IntervailgrdBe von 
200 bis 1000 Kurbelwellenumdrehungen haben. 

3. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daB in der Zeit, wahrend der Fehler- 
kennungszahler (29) lauft, keine Warnlampe (22) 15 
angesteuert wird, auch wenn die Grenzwert-Aus- 
setzeranzahl durch die Intervall-Aussetzeranzahl 
nach Ablauf des ersten Zahlintervalls uberschritten 
ist 

4. Verfahren nach Anspruch 3, dadurch gekenn- 20 
zeichnet, daB dieser Zustand durch ein nach Ablauf 
des ersten Zahlintervalls (37) gesetztes Merkflag 

(45) bestimmt ist, das beim Auftreten eines Fahrak- 
tionssignais (48) oder beim Ablauf des zweiten 
Zahlintervalls (44) zuruckgesetzt wird 25 

5. Verfahren nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB mit dem Auftreten 
eines Fahraktionssignals (48) der Fehlerkennungs- 
zahler (29) auf Null gesetzt wird und/oder eine be- 
stimmte Maskierzeit (50) gestartet wird, wahrend 30 
der die Verbrennungsaussetzererkennung, insbe- 
sondere der Aussetzerzahler (15) und der Fehler- 
kennungszahler (29), deaktiviert werden. 

6. Verfahren nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, daB der zweite Zahlvor- 35 
gang mit einem vorgegebenen Anfangswert (42) 
gestartet wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB fur den Fall wenn ein 
Fahraktionssignal (48) bei gestartetem Fehlerken- 40 
nungszahler (29) im ersten Zahlintervall (37) auf- 
tritt, dieses Zahlintervall (37) urn die vorhergehen- 
de Einschaltintervalldauer des Fehlerkennungszah- 
lers (29) verlangert wird. 

8. Verfahren nach einem der Anspruche 1 bis 7, 45 
dadurch gekennzeichnet, daB ein Piausibilitatssi- 
gnal (Einheit 34) mit der gleichen Eingriffswirkung 
wie das Fahraktionssignal (48) erzeugt wird, derge- 
stalt, daB kurze auf einanderfolgende, dritte Zahlin- 
tervalle beobachtet werden und die jeweils in ei- 50 
nem dritten, kurzen Zahlintervall auftretende Aus- 
setzeranzahl als Plausibilitats-Aussetzeranzahl mit 
einer maximal zuiassigen Kurzzeit-Grenzwert- 
Aussetzeranzahl verglichen wird, wobei beim 
OberschreitenderKurzzeit-Grenzwert-Aussetzer- 55 
anzahl das Plausibilitatssignal erzeugt wird 

9. Verfahren nach einem der Anspruche 1 bis 8, 
dadurch gekennzeichnet, daB die Grenzwert-Aus- 
setzeranzahl und/oder die Kurzzeit-Grenzwert- 
Aussetzeranzahl in Abhangigkeit vom Betrieb der eo 
Brennkraftmaschine standig neu berechnet und/ 
oder aus Kennfeldern ausgelesen werden. 

10. Verfahren nach einem der Anspruche 1 bis 9, 
dadurch gekennzeichnet, daB als untypische Veran- 
derung (40) im ersten Zahlintervall (37) zura Start 65 
des Fehlerkennungszahlers (29) ein schneller An- 
stieg des Aussetzerzahlerstandes oder eine Inho- 
mogenitat in der Art eines Knicks im Verlauf des 
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Aussetzerzahlerstandes ermittelt wird 

11. Verfahren nach einem der Anspruche 1 bis 10, 
dadurch gekennzeichnet, daB dynamische Fahrak- 
tionen uber Beschleunigungssensoren und/oder 
schnelle Drosselklappen- oder Gaspedalstellungs- 
anderungen ermittelt werden. 

12. Vorrichtung zur DurchfQhrung des Verfahrens 
nach einem der Anspruche 1 bis 1 1 , 
mit einer Einrichtung zur Erzeugung von Fahrak- 
tionssignalen (48) und/oder Plausibilitatssignalen 
(Einheit 34, 35) und 

mit einer Einheit (12) zur Ermittlung von Ausset- 
zersignalen, wobei 

von dieser Einheit (12) einem Aussetzerzahler (15) 
die Aussetzersignale zugefuhrt werden, die dort 
auf summiert werden, 

der Aussetzerzahler (15) von einer Zahlintervall- 
steuerung (16) zur Realisierung erster Zahlinterval- 
le (37) aufeinanderfolgend gestartet und zuruckge- 
setzt wird, 

der Aussetzerzahler (15) mit einem Vergleicher (19) 
verbunden ist, der am Ende jedes Zahlintervalls (37) 
den Zahierstand als Intervall-Aussetzeranzahl mit 
einer vorgegebenen Grenzwert-Aussetzeranzahl 
(21)vergleicht, 

mit dem Vergleicher (19) eine Warnlampe (22) ver- 
bunden ist, die beim uberschreiten der Grenzwert- 
Aussetzeranzahl angesteuert und eingeschaitet 
wird, 

dadurch gekennzeichnet, 

daB als weiterer Zahler ein Fehlerkennungszahler 
(29) vorgesehen ist, der mit einem Timer (27) und 
mit dem Aussetzerzahler (15) verbunden ist und 
dem die Aussetzersignale zugef ahrt werden, und 
daB der Timer (27) mit einer Einheit (24) zur Erken- 
nung untypischer Veranderungen im Verlauf des 
Aussetzerzahlerstandes verbunden ist und beim 
Auftreten solcher Veranderungen der Timer (27) 
und der Fehlerkennungszahler (29) durch ein Signal 
gestartet werden, 

wobei beim Auftreten eines der genannten Fahrak- 
tionssignale oder Plausibilitatssignale der momen- 
tane Zahierstand des Fehlerkennungszahlers (29) 
vom Zahierstand des Aussetzerzahlers (15) abgezo- 
gen und der Timer (27) und der Fehlerkennungs- 
zahler (29) zuruckgesetzt werden. 
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[57] ABSTRACT 

An apparatus and method are provided for detecting cylinder 
misfires in an internal combustion engine of a motor vehicle 
which provides a good signal to noise ratio and is capable of 
distmguisbing from noise related events such as misfire 
induced bobble and harsh clutching maneuvers. Crankshaft 
rotation is sensed and crankshaft velocities are measured for 
each cylinder. Changes in angular velocity are determined 
and correspond to each of a plurality of cylinder firing 
events. With a first averaging filter, angular velocity changes 
are sorted over a predetermined series of cylinder firings and 
the two middle angular velocity changes are averaged to 
provide an average change in velocity value. A deviation is 
determined between the change in angular velocity for a 
selected cylinder and the average change in velocity. With a 
second averaging filter, the deviations from the first aver- 
aging filter are sorted over a series of cylinder firings and the 
two middle most deviations are averaged to provide an 
average change of deviation thereof. A second deviation is 
determined between the change in the first deviation for a 
selected cylinder and the average deviation value. The 
second deviation is compared to a threshold value and a 
misfire event is determined for the selected cylinder based 
on the comparison. Any number of two or more cascade 
connected average filters may be employed. 

12 Claims, 10 Drawing Sheets 


Engine 


Position, 
Velocity + 
A Velocity 

(0) 
Information 


70 


74- 


72a 

I 


1st Averaging 
Filter 


-> 


2nd A veraging 
Filter 


72n 


Misfire 

" Determination 


nth Averaging 
Filter 


< 



BNSDOCID: <US 5602331 A 1J_> 


U.S. Patent 


Feb. 11, 1997 


Sheet 1 of 10 


5,602,331 


Catalyst 



-24 


/ 


50 


10 


62 

of 


36. 


Map (Load) 
Sensor 



40^ 


38 


± Speed 
| Sensor \ 


Engine 
- Temp. 
Sensor 


A/D 


Converter 


Memory 





Signal 
Conditioning 


Signal 

Conditioning 


56 


Lamp 
Driver 


~1 


60 


Micro 
Controller 


A/D 

Cor, verier 


■58 


A/D 

Con verier 


.58 


•58 


l_ 



t 


BNSDOCtD: <US 5602331A1 J_> 


U.S. Patent Feb. 11, 1997 sheet 2 of io 5,602,331 


ENGINE CONTROL 
UNIT 



72n 


I 


Misfire 

~ Determination 


nth Averaging 
Filter 

< 

< 



JTZLI— 1 1 . ^i. 


U.S. Patent 


Feb. 11, 1997 


Sheet 3 of 10 5,602,331 


ENGINE 


*12 


85 


v 1 


Crankshaft Position Measurements 
Time Between 49' + 9' Edge For 4 Cyi. 
Time Between 69' + 9' Edge For 6 Cyl. 

I , 

.78 


Calculate Angular Velocities^ 
OJj, o) 2 , o>j, o) 4 , ... 


I 
I 


Calculate Change In Angular 
Velocity Between Cylinder Firings 
obj , ty, &j> &4> ••• 


r 


72a , 


Sort Number Of cb And Calculate 
Average Of 2 Middle Values 
0>mid1+ &mid2 


at 


vve 


X 


'Engine\ 
^Speed) 


® r = = 


Determine Average Compensated Change In 6) 



90 


RPMLOW 
Threshold Surface 


Sort Number Of /S And Calculate 
Average Of 2 Middle Values 

(3mid1+ Pmid2 
Pave ~ 2 


Determine Average Compensated Change In p 
<X = Pi ~ Pave 


J 
1 

-86 | 

- 1 
I 


Multiply Temp. 
Comp. Factor, 

1 


l 


-96 


Temp. Comp. Table 

; t 


: ' J 


/t//5/7rg Determination 
If a ^ RPMLOW; 
Then Misfire On ith Cylinder 


' Engine Coolant\ 
v Temperature J 


100 


-74 


Store Misfire 
Info. In Memory 


-102 


JTZLC 


5602331 All _> 


U.S. Patent Feb. ll, 1997 Sheet 4 of 10 5,602,331 


104 


4 


L W4' 


1 3 

X 


[Changes In 
Angular Velocity] 


U}+4 °>;+5 


[Cylinder 
Identification ] 


3- 


"i-4 

106 

< x ^ > 

[Changes In 
Angular Velocity] 

&i+3 u i+ 4 &i+ 5 ci>i+ 6 £,+7 

CO f _j d>;_ 2 Cj,_, CO,- G) i+1 d) i+2 

5 6 

1 2 3 4 5 6 

12 3 4 

[ Cylinder 
Iden tification ] 

3 .B. 

<— j x > 

jm i " 


108 

1^ 


Pi-3 


hos' 


1 3 4 
— x > 


[Average Compensated 
Change In G>] 


Pi+3 Pi+4 Pi+5 


[ Cylinder 
Identification] 


56Q2331A1 I > 


U.S. Patent Feb. 11, 1997 Sheet 5 of 10 


5,602,331 



U.S. Patent 


Feb. 11, 1997 


Sheet 6 of 10 


5,602,331 


3 


150- 
125- 
100- 
75- 
50- 
25- 
0 

-25- 
-50- 
-75 
-100 
-125 
-150 










l 




































































































>- 











































































































































12 










'14 

>. 















- 1 




=l 

J" 

/ 







































































2134213421342134213421342 

Cylinder # 


JTZLC 


=3 
-a- 

Jo 


150 
125 
100 
75 
50 
25- 
0 

-25- 
-50- 
-75 
-100 
-125 
-150 


































































































































































































































. 1 

13 




-1 

14 







































































-1 

A 




























-1-1 





















21342134 21342134213421342 
Cylinder / 


3. Sib. 


BNSDOCID: <US 5602331 A 1_L> 


U.S. Patent Feb. 11, 1997 sheet 7 of 10 5,602,331 


-a- 

1 


150- 
125- 
100- 
75- 
50' 
25- 
0 


-75 


-150- 
















































































































































dt 











, 1 

1 









1 1 






=! 

y 

u 

y 





i 

1 1 

1 




































7- 






















































? 






- 

























■112 






















7- 





+- 























Cylinder # 


. Sc. 


BNSDOCID: <US 5602331 A1_I_> 


U.S. Patent 


Feb. 11, 1997 


Sheet 8 of 10 


5,602,331 


















































































































































































































































































































































^O 
















































































\ 




























































■ 






















CO 















































































1 















































































































































































































































-<0, 




















>^ 







































































































I 


•a 

I 


□ 


n 


BNSDOCID: <US 5602331 A 1J_> 


U.S. Patent 


Feb. 11, 1997 


Sheet 9 of 10 


5,602,331 



BNSDOCID: <US 56Q2331A1 J_> 


U.S. Patent Feb. ll, 1997 Sheet 10 of 10 5,602,331 


as 


8 

I 


8 


0 
□ 


n 


BNSDOC1D: <US 5602331 A 1_L> 


5,602,2 

1 

ENGINE MISFIRE DETECTION WITH 
CASCADE FILTER CONFIGURATION 

CROSS-REFERENCE TO RELATED 

APPLICATIONS 5 

This application relates to the following simultaneously 
filed patent applications titled "Engine Misfire Detection 
with Compensation for Normal Acceleration of Crankshaft" 
having Ser. No. 468,117 and application titled **Engine 10 
Misfire Detection with Rough Road Inhibit" having Ser. No. 
469,040. These related applications are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 15 

1. Technical Field 

The present invention relates generally to internal com- 
bustion engines and, more particularly, to a misfire detection 
apparatus and method for detecting misfire of individual 20 
cylinders in an internal combustion engine. 

2. Discussion 

The Clean Air Act (1955) required motor vehicle manu- 
facturers to reduce exhaust emissions of carbon monoxide, ^ 
hydrocarbons, and oxides of nitrogen from light duty motor 
vehicles. To comply with the Act, most motor vehicle 
manufacturers generally use catalytic converters on produc- 
tion vehicles to control such exhaust emissions. A catalytic 
converter typically includes a catalyst and operates at a very ^ 
high temperature in order to burn unwanted byproducts of 
combustion so as to reduce hydrocarbons, carbon monoxide 
and nitrous oxide. However, increased amounts of unburned 
byproducts that often remain after the occurrence of an 
engine misfire can lead to damage of the catalytic converter. 35 

More recently, regulatory agencies have proposed that 
passenger, light-duty and medium-duty motor vehicles with 
feedback fuel control systems be equipped with a malfunc- 
tion indicator signal that will inform the motor vehicle 
operator of any malfunction of an emission-related compo- 40 
nent that interfaces with an on-board computer of the motor 
vehicle. It is also proposed or required that an on-board 
diagnostic system identify the likely area of malfunction. 
Proposals or requirements have set forth catalyst, misfire, 
evaporative purge system, secondary air system, air condi- 45 
tioning system refrigerant, fuel system, oxygen sensor, 
exhaust gas recirculation, and comprehensive component 
monitoring requirements. 

As previously mentioned, misfire of internal combustion 
engines can cause damage to the catalyst of a catalytic 50 
converter. With respect to misfire, the identification of the 
specific cylinder experiencing misfire may be required. 
Some regulations provide that the motor vehicle manufac- 
turer specify a percentage of misfires out of the total number 
of firing events necessary for determining malfunction for: 55 
(1) the percent misfire evaluated in a fixed number of 
revolution increments for each engine speed and load con- 
dition which would result in catalyst damage; (2) the percent 
misfire evaluated in a certain number of revolution incre- 
ments which would cause a durability demonstration motor 60 
vehicle to fail a Federal Test Procedure (FTP) by more than 
150% of the applicable standard if the degree of misfire were 
present from the beginning of the test; and (3) the degree of 
misfire evaluated in a certain number of revolution incre- 
ments which would cause a durability demonstration motor 65 
vehicle to fail an inspection and maintenance (IM) program 
tailpipe exhaust emission test 


2 

Current and proposed future regulations are also requiring 
that motor vehicle manufacturers be able to provide infor- 
mation detailing the occurrence of misfires such as identi- 
fying which cylinders are responsible for one or more 
misfires. The misfire information need be collected and 
stored in memory so that the stored information may be 
downloaded at a service center and used to determine the 
cause of misfires in the vehicle. One misfire detection and 
identification approach is disclosed in issued U.S. Pat No. 
5,361,629 issued Nov. 8, 1994 and titled "Single Sensor 
Misfire Detection Apparatus and Method for an Internal 
Combustion Engine". The above-cited patent is also hereby 
incorporated by reference. The misfire detection approach in 
the above-cited patent senses rotation of a crankshaft and 
calculates a crankshaft velocity based on the sensed rotation. 
The calculated crankshaft velocity or a compensated veloc- 
ity is compared to a predetermined crankshaft velocity range 
to determine if misfire occurred. 

When an engine cylinder misfires, a corresponding drop 
in engine speed will normally result A relatively large drop 
in engine speed is usually indicative of a misfire event 
However, a number of engine operating conditions may 
result in transients which sometimes tend to give the same 
effect as a misfire, even though a misfire event did not occur 
for the corresponding cylinder at issue. One example of a 
transient condition may occur when harsh clutching maneu- 
vers are performed on a vehicle equipped with a manual 
transmission. When this occurs, torsional forces and vibra- 
tions transmitted through the engine crankshaft are induced 
to the engine speed pickup and may actually be large enough 
to read as misfire events with some conventional misfire 
detection approaches. Additionally, the occurrence of a 
misfire event for a corresponding cylinder can sometimes 
cause transients within the engine or vehicle which in turn 
may be sensed and detected as false misfires. 

It is therefore one object of the present invention to 
provide for an improved apparatus and method of detecting 
cylinder misfires in an internal combustion engine. 

It is another object of the present invention to provide for 
a misfire detection apparatus and method which is capable of 
detecting cylinder misfires for an internal combustion engine 
and which is capable of filtering out unwanted noise caused 
by engine transients to thereby reduce possible false engine 
misfire reports. 

It is yet another object of the present invention to provide 
for a misfire detection apparatus and method which reduces 
the noise effects that can be caused by the occurrence of a 
misfire event 

It is a further object of the present invention to provide for 
a misfire detection apparatus and method which compen- 
sates for normal engine accelerations, and realizes a good 
signal to noise ratio. 

SUMMARY OF THE INVENTION 

To achieve the foregoing objectives, the present invention 
is an apparatus and method for detecting misfire in cylinders 
of an internal combustion engine of a motor vehicle. The 
apparatus and method of the present invention are advanta- 
geously capable of detecting cylinder misfires with good 
signal to noise ratio and capable of distinguishing misfires 
from noise related events such as misfire induced bobble and 
harsh clutching maneuvers. Crankshaft rotation is sensed 
and crankshaft velocities are measured for each cylinder. 
Changes in angular velocity are determined and correspond 
to each of a plurality of cylinder firing events. The apparatus 
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of the present invention includes at least a first averaging 
filter cascade connected to a second averaging filter. With 
the first averaging filter, angular velocity changes are sorted 
over a predetermined series of cylinder firings and the two 
middle angular velocity changes are averaged to provide an 5 
average change in velocity value. A deviation is determined 
between the average change in velocity and the current 
change in velocity for a selected cylinder. With the second 
averaging filter, deviations from the first averaging filter are 
sorted over a series of cylinder firings and the two middle 10 
deviations are averaged to provide an average change in the 
first deviation. A second deviation is determined between the 
change in the first deviation for a selected cylinder and the 
average deviation value. The second deviation is compared 
to a threshold value and a misfire event is determined for the is 
selected cylinder based on the comparison. Additional cas- 
cade connected averaging filters may be employed to gen- 
erate an output which is compared with the threshold value 
to determine the occurrence of a misfire event. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention will 
become apparent to those skilled in the art upon reading the 
following detailed description and upon reference to the 
drawings in which: 

FIG. 1 is an overall block diagram illustrating a misfire 
detection apparatus according to the present invention; 

FIG. 2 is a pictorial diagram illustrating an engine crank- 
shaft and camshaft for providing measurements for use with 30 
the misfire detection apparatus of FIG. 1; 

FIG. 3 is a block diagram illustrating the general concept 
of misfire detection according to the present invention; 

FIG. 4 is a detailed flow chart illustrating the overall 
methodology for detecting cylinder misfires in a multi- 35 
cylinder engine according to the present invention; 

FIG. 5 illustrates a series of changes in angular velocity 
measurements as selected for a four-cylinder engine; 

FIG. 6 illustrates a series of changes in angular velocity 4Q 
measurements as selected for a six-cylinder engine; 

FIG. 7 illustrates a series of changes in average compen- 
sated values 0 as selected for a four-cylinder engine; 

FIG. 8 is a three-dimensional mapped surface illustrating 
an example of RPMLOW threshold values for use in the 45 
present invention; 

FIGS. 9a-9c illustrate an example of event data taken 
during a misfire induced bobble condition; FIG. 9a shows 
measured changes in angular velocity; FIG. 9b shows cal- 
culated outputs from a first averaging filter; FIG. 9c shows 50 
outputs from a second averaging filter for detecting cylinder 
misfires with the novel misfire detection of the present 
invention; and 

FIGS. lOa-lOe illustrate event data taken during a harsh 
clutch maneuver absent any misfire event; FIG. 10a shows 55 
measured changes in angular velocity; FIG. 10& shows 
outputs from the first averaging filter, FIG. 10c shows 
outputs from the second averaging filter for detecting cyl- 
inder misfires with the novel misfire detection of the present 
invention. 60 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Turning now to FIG. 1, an overall block diagram illus- 65 
trating the misfire detection apparatus 10 according to the 
present invention is shown therein. The misfire detection 
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apparatus 10 is used on an internal combustion engine 
indicated by reference numeral 12, of a motor vehicle (not 
shown). A partial cut-away view of engine 12 is shown 
illustrating one of a multiple of cylinders 14 in the engine 12. 
As illustrated, a piston 16 is disposed in the cylinder 14 and 
is operatively connected by a connecting rod 18 to a crank- 
shaft 20. A camshaft 22 is used to open and close at least one 
valve (not shown) of the cylinder 14 for various strokes of 
the piston 16. The piston 16 is illustrated in the expansion 
(power) stroke of a four stroke engine. In such a four stroke 
engine, the strokes include intake, compression, expansion 
(power), and exhaust During the exhaust stroke, exhaust 
gases flow from the cylinder 14 via at least one valve and 
through the exhaust system (not shown). Although the 
preferred embodiment of apparatus 10 shows a four stroke 
engine, the apparatus 10 can also be applied to other internal 
combustion engines, such as a two stroke engine. It should 
also be appreciated that the apparatus 10 can also be applied 
to any spark-ignited or diesel engine. It should be appreci- 
ated that a spark plug is present in the preferred embodi- 
ment, although it is not illustrated herein. Additionally, a 
catalyst 24 of a catalytic converter (not shown) is illustrated 
pictorially as part of the exhaust system. 

The misfire detection apparatus 10 further includes a 
sensor target 26 operatively connected to the crankshaft 20. 
The sensor target 26 has at least one, and preferably a 
plurality of trip points, which in the preferred embodiment 
are provided as slots 28, formed by teeth 30. The apparatus 
10 also includes a crankshaft sensor 32 for communication 
with the sensor target 26 and a camshaft sensor 34 in 
communication with the camshaft 22. The misfire detection 
apparatus 10 further includes a manifold absolute pressure 
(MAP) sensor 36, throttle sensor 38, a vehicle speed sensor 
40 and an engine temperature sensor 46. The outputs of the 
sensors 36, 38, 40 and 46 communicate with an engine 
control unit, generally indicated by 50. 

The engine control unit 50 includes a microcontroller 52, 
memory 54, signal conditioning circuitry 56 and analog-to- 
digital (A/D) converters 58 to process outputs from the 
various sensors according to the misfire detection method- 
ology to be described hereinafter. In the preferred embodi- 
ment, the outputs of crankshaft sensor 32, camshaft sensor 
34, and vehicle speed sensor 40 communicate with the 
microcontroller 52 via appropriate signal conditioning cir- 
cuitry 56 which is particularized to the type of sensor 
employed. The output of the MAP sensor 36, throttle posi- 
tion sensor 38 and engine temperature sensor 46 communi- 
cate with the microcontroller 52 via the A/D converters 58. 
The engine control unit 50 also includes a lamp driver 60, 
which takes the output of the microcontroller 52 and drives 
an output display such as an indicator light or driver warning 
lamp 62. Memory 54 is a generic memory which may 
include Random Access Memory (RAM), Read Only 
Memory (ROM) or other appropriate memory. It should also 
be appreciated that the engine control unit 50 also includes 
various timers, counters and like components for the misfire 
detection methodology of the present invention. 

Referring to FIG. 2, a pictorial diagram illustrating the 
crankshaft 20, camshaft 22, sensor target 26, crankshaft 
sensor 32 and camshaft sensor 34 in communication with the 
engine control unit 50 is provided for the misfire detection 
methodology. According to one embodiment, the sensor 
target 26 is formed by slots 28 which are cut into a 
counterweight 63. The counterweight 63 is attached to or 
incorporated on a pulley or wheel (not shown) such as by 
welding, although other suitable means may be employed to 
securely fasten the counterweight 63 to the wheel. The 
wheel, in turn, is affixed to and driven by the crankshaft 20. 
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According to one embodiment of a four-cylinder engine, 
the engine 12 has four cylinders 14 oriented into a straight 
line configuration, resulting in a one hundred eighty degree 
(180°) expansion stroke for each cylinder 14. The firing 
order for the four cylinders 14 is 1 3 4 2. Crankshaft velocity 5 
measurements are taken by measuring the amount of time 
expired over an angular displacement 9 for a forty degree 
(40°) interval of the expansion stroke for each cylinder 14 of 
the engine 12. Preferably, the forty degree (40°) interval is 
near the end of the expansion stroke. As illustrated in FIG. JQ 
2, a signature slot 64 is cut into the counterweight 63 such 
that a first edge 65 is a forty-nine degree (49°) edge. At least 
one slot 28 is cut in the counterweight 63 after the first edge 
65 has formed a second edge 68 at a nine degree (9°) edge. 
Other slots 28 may also be cut in the counterweight 63 
between the first and second edges 65 and 66 for use for 15 
ignition timing or other purposes. It should be appreciated 
that the first edge 65 identifies the starting location for 
measuring velocity corresponding to cylinder numbers 1 and 
4 of the cylinders 14. 

The sensor target 26 includes at least two other slots 28 to 20 
form a third edge 67 and a fourth edge 68 opposite or one 
hundred eighty degrees (180°) from the first edge 65 and 
second edge 66, respectively. Optionally, other slots 28 may 
also be cut in the counterweight 63 between the third and 
fourth edges 67 and 68 for use for ignition timing or other 
purposes. It should be appreciated that the third edge 67 
identifies the starting location for measuring velocity corre- 
sponding to cylinder numbers 3 and 2 of the cylinders 14. It 
should also be appreciated that the third edge 67 is a 
forty-nine degree (49°) edge and the fourth edge 68 is a nine 
degree (9°) edge. 

According to another embodiment, a six-cylinder engine 
has six cylinders in an overlapping configuration resulting in 
a one-hundred-twenty degree (120°) expansion stroke for 35 
each cylinder 14 of engine 12. For the six-cylinder engine, 
crankshaft velocity measurements are preferably taken over 
an angular displacement 6 for a sixty degree (60°) interval 
of the expansion stroke. The sixty degree (60°) interval is 
measured from a sixty-nine degree (69°) edge and a nine ^ 
degree (9°) edge. While four-cylinder and six-cylinder 
engines are described herein, it should be appreciated that 
the present invention applies to various other size multi- 
cylinder engines and other various overlapping cylinder 
configurations. 45 

The crankshaft sensor 32 is used to measure position 
markings, namely edges 65-68, for use in determining 
crankshaft velocity. The crankshaft sensor 32 is mounted 
near the sensor target 26 and located so that when aligned 
with edges 66 and 68, a falling edge will occur nine degrees 50 
(9°) before piston top dead center (TDC). In one embodi- 
ment, the crankshaft sensor 32 may be a hall effect sensor. 
It should also be appreciated that other sensors such as 
optical sensors or variable reluctance sensors may also be 
used according to other embodiments. 55 

The camshaft sensor 34 is used to identify specific cyl- 
inder firings. Since the camshaft 22 rotates 360° for every 
720° of rotation of crankshaft 20, identification of a given 
cylinder can be determined. Such identification will assist in 
pinpointing exactly what cylinder or cylinders are misfiring. 60 
Although the preferred embodiment uses a crankshaft posi- 
tion marking and cam sensor and algorithm to determine top 
dead center (TDC) of the number 1 cylinder, cylinder 
identification techniques may vary with different engines. It 
should also be understood that the camshaft sensor 34 and 65 
camshaft 25 are conventional components generally known 
in the ait. 
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Turning to FIG. 3, a general illustration of the misfire 
detection apparatus of the present invention is presented 
therein. Engine crankshaft position, velocity and velocity 
change information 70 is determined from engine param- 
eters output from engine 12. The crankshaft position, veloc- 
ity and velocity change information 70 is used to provide a 
misfire determination 74 for a corresponding engine cylin- 
der. According to the present invention, information 70 is 
processed by a plurality of cascade configured averaging 
filters 72a, 7Zb, . . . , 72/z. More specifically, a first averaging 
filter 72a receives and processes information 70. A second 
averaging filter 72b receives an output from the first aver- 
aging filter 72a and likewise processes information associ- 
ated therewith. According to one preferred embodiment of 
the present invention, two averaging filters 72a and 72b are 
employed and discussed hereinafter. However, the present 
invention is applicable to n averaging filters, where n is a 
number of two or more. 

With particular reference to FIG. 4, a flow chart illustrat- 
ing the overall method 85 for detecting cylinder misfires of 
engine 12 is shown therein according to the present inven- 
tion. The misfire detection methodology 85 generally begins 
at block 76. During operation of engine 12, crankshaft 
position measurements are taken over a predefined angular 
displacement 9 of the crankshaft 20 during an expected 
cylinder firing for each cylinder 14 of engine 12. The 
position measurements are preferably obtained by measur- 
ing a time interval (T) expired during rotation of the crank- 
shaft 20 through the predefined angular displacement 6. This 
accomplished by microcontroller 52 starting a timer when 
crankshaft sensor 32 detects first edge 65 for a four-cylinder 
engine. For the four-cylinder engine application, the timer is 
stopped after a forty degree (40°) rotation when sensor 32 
detects second edge 66. For the next cylinder firing, a timer 
is likewise started when crankshaft sensor 32 detects the 
third edge 67 and is stopped after a forty degree (40°) 
rotation when sensor 32 detects fourth edge 68. For a 
six-cylinder engine application, the timer measurements are 
taken over a sixty degree (60°) angular rotation interval. 

The methodology advances to step 78 in which each of the 
time intervals (T) measured by the microcontroller 52 are 
used by the microcontroller 52 to calculate an angular 
velocity (RPM) value co of the crankshaft for the corre- 
sponding cylinder. This is generally accomplished by divid- 
ing the angular displacement 0 by the corresponding time 
(T) measurement. The position time measurements and 
angular velocity calculations are continually repeated for 
each cylinder firing event to obtain a series of angular 
velocities co lt ©2, ©3, ©4, © 5 , © 6 . . . , etc. corresponding to 

respective cylinders 1, 3, 4, 2, 1, 3 for example. 

The misfire detection methodology 85 proceeds to step 80 
in which microcontroller 52 calculates changes in angular 
velocity (©) which correspond to each expected cylinder 
firing event. The change in angular velocity for a current 
cylinder (i) is calculated by determining the difference 
between angular velocity for the current cylinder (i) and the 
following successive cylinder (i+1). The calculated changes 
in angular velocity are represented by cb lf ©2, ©j> etc « 
The angular velocity changes co are continually calculated 
from one cylinder firing event to another and may be 
accumulated and a consecutive series of angular velocity 
changes can abe saved in memory 54 or calculated from 
stored velocity information co. 

The angular velocity changes co are applied to the first 
averaging filter 72a which, according to the methodology 
85, generally includes steps 82 and 84. In step 82, a series 
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of angular velocity changes (b are first sorted Turning to 
FIGS. 5 and 6, a continuous series of consecutive changes in 
angular velocity do are shown for a four-cylinder engine 
provided in FIG. 5 and a six-cylinder engine provided in 
FIG. 6. Referring to the four-cylinder engine of FIG. 5, a 5 
continuous series of consecutive changes in angular velocity 

Pi- aw *W 0W G>*5 are shown for 
respective cylinder firing events corresponding to cylinders 
42134213 4. According to the present invention, a 
window containing a series 104 of consecutive angular io 
velocity changes is selected. This selected series 104 
includes the current change in angular velocity (d, for the 
current cylinder firing event (i) and adjacent changes in 
angular velocity. According to one embodiment, the misfire 
detection methodology 85 preferably selects a series 104 of is 
X=4 angular velocity changes which includes the angular 
velocity changes for the current cylinder firing event co,-, the 
single previous cylinder firing event cb^, and the two 
successive following cylinder firing events cb^ and (o M . 
According to an alternate embodiment, a series 104' of 
selected changes in angular velocity correspond to the two 
previous cylinder firing events and o^ lt the current 
cylinder firing event co f and the following cylinder firing 
event 25 

According to the six-cylinder arrangement as shown in 
FIG. 6, a window containing a series 106 of six consecutive 
angular velocity changes is similarly selected from a con- 
tinuous series of calculated angular velocity changes. 
According to one preferred embodiment, the series 106 30 
includes the current change in angular velocity co, for 
cylinder firing event (i), the three previous consecutive 
cylinder firing events 00^3, and o^, and the following 
two cylinder firing events co i+1 and (o M - According to an 35 
alternate embodiment for the six-cylinder arrangement, the 
selected series 106* includes the previous two cylinder 
firings as shown by cb^ 2 and cb^, the current cylinder firing 
event <b, and the following three cylinder firing events 
<*W and <o M . 40 

Accordingly, a series 104 or 104' of four changes in 
angular velocity corresponding to four consecutive cylinder 
firing events are selected for a four-cylinder engine, while a 
series 106 or 106' of six velocity changes corresponding to 
six cylinder firing events are measured for a six-cylinder 
engine. In either case, the window containing the series of 
selected angular velocity changes includes velocity changes 
corresponding to the current cylinder of interest and adjacent 
cylinders. It is preferred that the series has an even number 
of selected angular velocity changes co. It is also preferred 
that the number of selected velocity changes a> be equal to 
the number of cylinders in the engine of interest 

Referring back to FIG. 4, the selected changes in angular 
velocity are sorted by amplitude as provided in step 82 of the 55 
misfire detection methodology 85. Of the sorted changes in 
angular velocity, the middle two values to mW1 and <o mfd2 are 
chosen and are used to calculate an average change in 
angular velocity 00^. This is accomplished by dividing in 
half the sum of the two middle values <o mW1 and (b,^. The 
average change in angular velocity <o ave is continually 
calculated for each cylinder firing event 

Next, an average compensated change in angular velocity 
change is determined as shown in step 84. This is accom- 65 
plished by comparing the current change in angular velocity 
<b, with the average angular velocity change to deter- 


45 


50 


60 


mine the average compensated change in the angular veloc- 
ity change as represented by p. Preferably, the average 
compensated value p is determined by subtracting the aver- 
age angular velocity change cb flVtf from the current angular 
velocity change to,. The average compensated change in 
angular velocity change P is output from the first averaging 
filter 72a and applied to the second averaging filter 726. 

The second averaging filter 72b according to the meth- 
odology 85 generally includes steps 86 and 88. According to 
step 86, a series of average compensated change in angular 
velocity changes (i.e., average compensated values) p are 
sorted and an average of two middle values from a selected 
series is calculated. Turning momentarily to FIG. 7, a 
continuous series of consecutive changes in average com- 
pensated values p are shown for a four-cylinder engine. A 
continuous series of consecutive average compensated val- 
ues p,_ 3 , P<_ 2 , P#_i, P f , P,+i, P*-2. P*-3> P*+4 and p^+5, are 
shown for respective cylinder firing events corresponding to 
cylinders 42134213 4. According to the present 
invention, a window containing a series 108 of consecutive 
average compensated values P is selected. This selected 
series 108 includes a current change in average compensated 
value p; for the current cylinder firing event (i) and adjacent 
average compensated values. According to one embodiment, 
the misfire detection methodology 85 preferably selects a 
series 108 of X=4 average compensated values which 
includes the average compensated value for the current 
cylinder P„ the single previous cylinder firing event P^ and 
the two successive following cylinder firing events P I+1 and 
pj+2. According to an alternate embodiment, the selected 
series 108' of selected average compensated values contains 
values corresponding to the two previous cylinder firing 
events p^ 2 a*"* P#-i» me current cylinder firing event p,- and 
the following cylinder firing event p /+1 . According to a 
six-cylinder arrangement, the window would preferably 
contain a series of six consecutive average compensated 
values p similarly selected from a continuous series of 
average compensated values. 

It should be appreciated that the selection of average 
compensated values p similarly corresponds to the selection 
of the angular velocity changes cb as shown and described in 
connection with FIGS. 5 and 6 for use in the first averaging 
filter 72a. It is preferred that the series contains an even 
number of average compensated values p. It is also preferred 
that the number of average compensated values p selected in 
the series be equal to the number of cylinders in the engine 
of interest 

Referring again to FIG. 4, the selected average compen- 
sated values P are sorted by amplitude as provided in step 86 
of the misfire detection methodology 85. Of the sorted 
average compensated values p, the middle two sorted values 
fimidi and p m£d2 are chosen and are used to calculate an 
average compensated change in the average compensated 
value P which is represented by P^. The average value p ave 
determined in step 86 is preferably calculated by dividing in 
half the sum of the two middle values p^, and p mW2 . The 
average value $ me is continually calculated for each cylinder 
firing event 

Next, the second averaging filter 72b, according to the 
methodology 85, determines an average compensated 
change in the average compensated value p as represented 
by a shown in step 88. This is accomplished by comparing 
the current average compensated value P, with the average 
value p^ to determine the average compensated value a. 
Preferably, the average compensated value a is determined 
by subtracting the average value from the current 
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average compensated value p,. The average compensated 
value a is output from the second averaging filter 726 and 
used for providing a determination of misfire detection in the 
current cylinder (i) as will be explained in connection with 
step 74. 

The average compensated value a is used to determine 
whether or not a misfire occurred for the current cylinder (i) 
as provided in step 74 of the methodology 85. More par- 
ticularly, the average compensated value a is compared with 
a predetermined threshold value (RPMLOW) to deterrnine if 
a misfire has been detected. The predetermined threshold 
value (RPMLOW) is retrieved from a threshold surface 90 
of information stored in memory or a state machine. Thresh- 
old value RPMLOW is a function of engine speed, changes 
in engine speed and manifold pressure (MAP) which is 
looked up in the mapped surface 90. Referring momentarily 
to FIG. 8, an example of a RPMLOW threshold surface 90 
is provided therein. The RPMLOW threshold value as 
provided by value 110 is determined by looking up the 
current engine speed, calculated change in engine speed and 20 
manifold pressure as presented during the misfire determi- 
nation for the current cylinder firing event. Accordingly, 
engine speed 92 is monitored as well as manifold pressure 
(MAP) 94, while microcontroller 52 determines changes in 
engine speed. 25 

Additionally, the selected RPMLOW threshold value may 
optionally be multiplied by a temperature compensation 
factor 96 in order to compensate for a cold engine condition. 
In doing so, current engine temperature 100 is measured and 
a temperature compensation factor is looked up in a tem- 
perature compensation table 98. This compensation table 
factor is then multiplied by the selected RPMLOW threshold 
value in step 96 and the compensated value is used as the 
comparison threshold value RPMLOW for misfire determi- 
nation according to step 74. 

When a misfire event is detected, the cylinder 14 is 
identified by the camshaft sensor 34 and the crankshaft 32 
and the cylinder misfire information is stored in memory 54 
according to step 102. The accumulated misfire information 
may be retrieved and used to determine the cause of an 
engine problem. Additionally, the number of misfires may be 
evaluated by the microcontroller 52 to determine whether a 
given rate of misfire would cause premature failure of the 
catalyst 24. If catalyst failure is indicated, the cylinder 45 
number or identification may be recorded by microcontroller 
52 and the driver warning lamp 62 can be illuminated by the 
lamp driver 60. Nonetheless, the driver warning lamp 62 can 
be illuminated to indicate one or more misfire events. 

The misfire detection apparatus and methodology of the 50 
present invention advantageously is operable to detect mis- 
fire events, while able to discriminate between actual mis- 
fires and noise related events. Accordingly, noise commonly 
associated with engine transients such as harsh shifting of a 
manual transmission can advantageously be filtered out with 55 
the use of a plurality of cascade configured averaging filters 
according to the present invention. Furthermore, misfire 
induced noise may likewise be eliminated as possible misfire 
events and improved signal to noise ratio may be achieved. 

Examples of event data taken from a four-cylinder engine 60 
during a misfire induced bobble condition and then during a 
harsh clutch maneuver is illustrated and will now be 
described in connection with FIGS. 9s-9c and lOa-lOc. The 
event data provided in FIGS. 9a-9c was taken during the 
misfire induced bobble condition in which a misfire occur- 
ring at certain engine speeds and loads further causes 
ensuing torsional forces in the crankshaft generally where 
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the crankshaft velocity information is taken. As a result, the 
event data will tend to look like a higher rate of misfires then 
what actually occurred, thereby providing false misfire 
reports with many conventional misfire detection 
approaches. With particular reference to FIG. 9a, a misfire 
occurs on cylinder number 1 whereby a negative angular 
velocity change cd results as shown by reference numerals 
112. As previously mentioned, the occurrence of a misfire 
will generally cause a decrease in the angular velocity and 
velocity change. However, due to the aforementioned tor- 
sional forces in the crankshaft, a large negative angular 
velocity change (0 occurs on the second occurrence of 
cylinder 1 and also on the occurrence of cylinder 3 as shown 
by reference numerals 113 and 114, respectively. The first 
averaging filter output p, as shown in FIG. 9b, partially 
distinguishes the misfire event occurring on cylinder 1 from 
the bobble induced effects 113 and 114 on the following 
cylinder 1 and cylinder 3, respectively. Turning to FIG. 9c, 
the dual-cascaded averaging filter output a clearly distin- 
guishes the misfire event 112 on cylinder 1 from the bobble 
induced data 113 and 114. Accordingly, the present inven- 
tion advantageously filters out bobble induced noise which 
may otherwise cause a false misfire report It should be 
appreciated that three or more cascaded averaging filters 
could further distinguish actual misfire events from bobble 
disable induced events. 

Finally, turning to FIGS. IOo-IOc, event data is shown for 
a harsh clutch maneuver where the clutch is declutched in a 
manual transmission without the occurrence of any misfire 
event. As shown in FIG. 10a, a harsh clutching maneuver 
causes large negative crankshaft velocity changes go as 
shown by reference numerals 116. In all, a total of nine 
misfire events could be counted with some of the conven- 
tional misfire detection approaches. Turning to FIG. 106, the 
first averaging filter output £ eliminates some of the false 
misfire reports; however, the events 116 may still be detected 
as false misfire reports. Turning to FIG. 10c, the dual- 
cascaded averaging filter output a adequately filters out the 
events introduced by the harsh clutching condition so that no 
false misfire reports are generated. It should be appreciated 
that three or more cascaded averaging filters may further 
reduce the effects introduced in the harsh clutching condi- 
tion or other noise related events. 

While a specific embodiment of the invention has been 
shown and described in detail to illustrate the principles of 
the present invention, it will be understood that the invention 
may be embodied otherwise without departing from such 
principles. For example, one skilled in the art will readily 
recognize from such discussion and from the accompanying 
drawings and changes that various changes, modifications 
and variations can be made therein without departing from 
the spirit and scope of the present invention as described in 
the following claims. 

What is claimed is: 

1. An apparatus for detecting misfires of cylinder firings 
in an internal combustion engine comprising: 

means for measuring changes in engine speed correspond- 
ing to each of a plurality of expected cylinder firings; 

first filter means for calculating an average change in 
engine speed over a plurality of cylinder firings for 
each expected cylinder firing and determining a first 
deviation between the average change in engine speed 
and a current change in engine speed corresponding to 
each expected cylinder firing, said first filter means 
outputting a series of said first deviations; 

second filter means for calculating an average change in 
the first deviations output from the first filter means and 


BNSDOCID: <US 5602331 A1_L> 


5,602,331 


11 


12 


20 


determining a second deviation between the average 
change in first deviations and a current change in the 
first deviations corresponding to a selected cylinder, 
and 

comparison means for comparing the second deviation of 5 
the second filter means to a threshold value to deter- 
mine if a misfire has occurred for the selected cylinder. 

2. The apparatus as defined in claim 1 wherein said first 
filter means is cascade connected to the second filter means. 

3. The apparatus as defined in claim 1 wherein said first 10 
filter means sorts a plurality of cylinder firings by amplitude 
and averages the two middle values to calculate the average 
change in engine speed. 

4. The apparatus as defined in claim 1 wherein the 
plurality of cylinder firings in the first filter means comprises 15 
an even number. 

5. The apparatus as defined in claim 1 wherein the 
plurality of expected cylinder firings in the first filter means 
comprise a number equal to the number of cylinders in the 
internal combustion engine. 

6. The apparatus as defined in claim 1 wherein the 
threshold value is a function of engine speed and manifold 
pressure. 

7. The apparatus as defined in claim 1 wherein said 
measuring means measures the engine speed as a function of 25 
change in angular position of a crankshaft associated with 
the engine over each expected cylinder firing. 

8. A method of detecting misfires of cylinder firings in an 
internal combustion engine, said method comprising: 

measuring changes in engine speed corresponding to each 30 
of a plurality of expected cylinder firings; 

calculating an average change in engine speed over a 
plurality of the expected cylinder firings for each of a 
plurality of cylinders; 35 

determining a first deviation between the average change 
in engine speed and a current selected change in engine 
speed for each of the cylinders and providing first 
filtered outputs therefrom; 

calculating an average deviation from said first filtered 40 
outputs over a series of said first deviations; 


determining a second deviation between the average 
deviation and a current selected first deviation to pro- 
vide a second filtered output; and 

comparing the second filtered output to a threshold value 
to determine if a misfire has occurred for the selected 
cylinder. 

9. The method as defined in claim 8 wherein the step of 
calculating an average change in engine speed comprises 
sorting the changes in engine speed for the plurality of 
expected cylinder firings and averaging the middle two 
values. 

10. The method as defined in claim 8 wherein the step of 
calculating an average deviation from the first filtered output 
comprises the steps of sorting deviations over a plurality of 
expected engine cylinder firings and averaging the two 
middle deviations. 

11. The method as defined in claim 8 further comprising 
the step of storing threshold values in memory as a function 
of engine speed and manifold pressure. 

12. A method of detecting misfires of cylinder firings of 
an internal combustion engine, said method comprising: 

measuring changes in engine speed corresponding to each 
of a plurality of cylinder firings; 

processing the measured changes in engine speed with a 
first averaging filter including the steps of calculating 
an average change in angular velocity for each of the 
selected cylinders and determining first deviations 
between the average change in angular velocity and the 
current change in angular velocity for each of the 
corresponding selected cylinders and outputting a 
series of first deviations; 

processing the deviations output from the first averaging 
filter including the steps of calculating an average 
deviation of the first deviations and determining a 
second deviation between the average deviation and a 
current one of said first deviations corresponding to the 
current selected cylinder, and 

determining if a misfire has occurred for the current 
selected cylinder by comparing the second deviation to 
a threshold value. 
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[57] ABSTRACT 

A method for identifying and correcting errors in time 
measurement on rotating shafts, particularly on crank- 
shafts or shafts connected thereto in internal combus- 
tion engines, whereby the shafts are provided with 
marks which are scanned with sensors. The segment 
times required by the shaft to rotate about a defined 
angular distance are measured and compared with a 
reference segment. 
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subsequently averaging respective correction val- 
METHOD FOR IDENTIFYING AND CORRECTING ues (AZ„) and storing the averaged correction 

ERRORS IN TIME MEASUREMENTS ON value (AZM„); and 

ROTATING SHAFTS correcting the measured segment times (TG„) with 

K01Ali 5 the averaged correction value <AZM„) for forming 

BACKGROUND OF THE INVENTION corrected segment times <TK„) according to an 

equation 

1. Field of the Invention 

The invention relates to a method for identifying and X8r n = tc„ * (l -AZM,d . 

correcting errors in time measurements on rotating 1Q 

shafts, particularly on crankshafts or shafts in internal ^ accordance with an added feature of the invention, 
combustion engines connected thereto. the correction values are calculated during a thrust 

Time measurement of this kind is effected in that the cuto ff operating state of the engine, i.e. an operating 
shaft itself or a tachometer disk connected thereto carry state Q f ^ e engine during which no fuel is supplied, 
marks that are scanned by sensors. The time required by 15 accordance with an additional feature of the inven- 
the shaft to traverse a specific angle of rotation is mea- tion> the correction values are calculated only within a 
sored. In general, the rotational speed or rpm can be given range of rotational speeds of the engine. Alterna- 
measured in this manner. More particularly, rpm fluctu- tively , or additionally, a threshold value of a rotational 
ations can be detected with arbitrarily accurate resolu- speed is established, and the correction values are calcu- 
tion at the circumference of the shaft or the tachometer 2Q on i y below the threshold value, 
disk, depending on the spacing of the marks. in accordance with another feature of the invention, 

Such measurements are used in internal combustion the values are averaged with a sliding average accord- 
engines, for example, for identifying erratic combustion ing to the equation 
or misfiring via short-term slowing of the angular speed " 

of the crankshaft. In the process the spacings of the ^ azm^azm^x • (i~MrrKO)+^ B * mttko 

markings on the crankshaft or the tachometer disk cor- w^fc«™«it* 

respond to the stroke cycles of the individual cylinders. where n is a dummy index, z is the number of segments 
'Xwever if Te markings or the tachometer disk or cylinders, and MTTKO is a predetermined averaging 
have mechanical defects or inaccuracies, the angular constant between zero and one. 

S£d m^nSenTrStorted. For instance, angular 30 In accordance with a further ^^^St 
er^rs of^e segments or marking teeth of the tachome- the correction values are imUali^ waA mit^Uon 
teTdisk, disk bfcklash or variance in the tooth forma- values, preferably zero, during a &st start of engme 
!r ™L HJct^rrinTic operation, and the correction values (AZ„) are set for 

tion can cause such distortions. eSur^er start of operation to values determined and 

SUMMARY OF THE INVENTION stored during a preceding engine operation, and the 

It is accordingly an object of the invention to provide correcting step is^only performed after^e c^^tog 
a me^^oStifying and correcting errors in time step has been performed a P^ e ™^^ <Jf> 
mSsurements at rotating shafts, which overcomes the of times The predetermmed (^) mayte a 

heremafore-mentioned disadvantages of the heretofore- value whichismversely proportional to the averaging 
known methods and devices of this general type and 40 constant (MTTKO). 

S^rteloenSm of such errors^ ap- * With the foregoing and * 
nron^tTcorrection of the measured time values. also provided, in accordance with the invention, in a 

P W^^o^^g Ld omer^jects in view there is method for determining a segment time required by a 
pro^d^m SclcT wilhSe indention, in a method rotating shaft, particularly a crankshaft of an internal 
tod^terntimnTa segment time required for a segment 45 combustion engine with z cylinders, to rotate about a 
Sa rSSS P^erably a crankshaft of an internal defined angular span, wteran tire crankshaft ^r ata- 
^mbustion enSne with z cylinders, to rotate about a chometer msk connected ^ r *° a ^?/™^oT a 
defined angulardistance, in which the shaft or a ta- marks which are scanned by associated sensor a 
cho^TteTdSk competed thereto are provided with method for identifying and correcting erron im deter- 
nS which are scanned by an associated sensor, a 50 mining the segment which censes T^*S 
method for identifying and correcting errors in deter- and storing a reference segment tone O^) of a refer 
2£g the segnwmVtiL, which comprises: ence segment, preferably f^^L^,, 1 ^^ 

Treasuring Imd storing a reference segment time cylinder; measuring and storing consecutive segment 
ofTrefeen^ segment associated with a times (TB„) of all segments of the rotatog shaft; mea- 
Z.™ cvfinder S5 soring and storing the reference segment time (TBp') of 

sub^dy mitring segment times <JG n ) of 55 the reference segment one ^ 
crankshaft segments associated with respective calculating correction values (BZ„) for «*P«*ve ones 
individual cyhnders for each of the cylinders (n); of the segments (n) according to an equation 
measuring and storing a new segment time (TGoO of 

the reference segment associated with the refer- M TB n - TBp „ , _ 

ence cylinder two full crankshaft rotations later, - TBo + zn ' rBo "° 

and 

calculating correction values (AZ„) for each of the subsequently averaging the correction values and stor- 
cylinders (n), in accordance with an equation mg the averaged correction values (BZM„); correcting 

65 the actually measured segment times (TB B ) with the 
TGn _ TGo n TGo-TGo' averaged correction values (BZM„) according to an 

AZ » = Jeb T * TGo equation 
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TBK n = TB n * (l -BZM,& DESCRIPTION OF THE PREFERRED 

With the first embodiment of the invention, the seg- EMBODIMENT 

ment times for a reference element are measured at Referring now to the figures of the drawing in detail, 

mtervals of two crankshaft rotations. In this way it is 5 and first, particularly, to FIG. 1 thereof, a method step 

possible to compensate for a general change in rpm SI designates correction values which are adopted at 

tendency that would otherwise lead to erroneous cor- the start of operation. These values were stored as the 

rections. The further segment times measured between values that were determined during the last engine op- 

these two measurements are compared to this reference eration. After new correction values have been deter- 

segment, and a correction factor that permits a correc- 10 mined, these old correction values are overwritten, 

tion of the measured segment time for individual cylin- During the very first engine operation the correction 

ders is determined as a function of the calculated time values are initialized with initialization values, prefera- 

difference. bly with zero. 

With the second embodiment of the invention, the ^ a method step S2 the segment time TG„ of the 

segment times for a reference element are measured at 15 current segment n is measured. 

intervals of one crankshaft rotation. In doing, so it is 1x1 a method step S3 a check is performed as to 
again possible to compensate for a general change in the whether the engine is in an operating state which per* 
rpm tendency that would otherwise lead to erroneous calculation of new correction values. A suitable 
corrections. The further segment times measured be- _ operating state which allows a dependable measure- 
tween these two measurements are compared with this ment is thrust cutoff, i.e. when fuel delivery to the en- 
reference segment, and a correction value that permits a sin e turned off. The calculation of correction values 
correction of the measured segment time for individual can also be limited to a specific rpm range in order to 
segments is determined as a function of the calculated avoid ^S^specific errors. To avoid possible error 
time difference. 2S correction with a dramatically changing rpm, the calcu- 
As described at the outset, time variations with sue- ^on of new correction values can be omitted during 
cessive measurements of angular segments can have S ™ ^ k ^y unsteady operations, 
different causes. They can stem from an actual change U ™ Sm , e operating state is available, no new 
in the angular speed of the crankshaft or defective, ^f 10 * V * MS *? Calcu[ated : * e oId > last 

unequal st^ntrizes between the mdividuaTc^k- 30 ^^~?Z^J**^ T*' ^ 

shaft niarkmes. branches to a method step S4, in which the measured 

t* ;* — ^J~**i.„«. *i ~ j „ segment time TG„ is corrected. The correction is done 

It iscertam that the measured deferences actually with an associated correction value AZM„ in accor- 

anse because of varying segment sizes. Influences on dance with the equation 

tune errors, i.e. between the segment times, dictated by 

ignition and combustion must be ruled out Error identi- 35 TK„= TG„ • (l -AZM„). 
fication and error correction in accordance with the 

methods of the invention are therefore preferably exe- The segment time TK* corrected in this manner can 

cuted during the operating state of thrust cutoff, Le. then be arbitrarily used in any of those operations that 

while the fuel supply is cut off. require information regarding the rotational speed of 

Further details may be found in applicants' European 40 the crankshaft and particular changes in these speeds, 

patent application No. 92 11 3917.6, filed Aug. 14, 1992, However, if the current operating state permits the 

corresponding to copending U.S. patent application No. calculation of new correction values, the process is not 

08/107,217, which is herewith incorporated by refer- branched to S4, but instead to a method step S5, in 

ence. Other features which are considered as character- which a check is made of whether the measured seg- 

istic for the invention are set forth in the appended 45 ment time was ^ e timQ of the reference time. An arbi- 

claims. trary segment can be selected as the reference segment. 

Although the invention is illustrated and described 11 " advantageous if the first segment in the ignition 

herein as embodied in a method for identifying and sequence is selected. This segment is defined as being 

correcting errors in time measurements on rotating free from defects. 

shafts, it is nevertheless not intended to be limited to the 50 " the ^S 111 ^ of the reference segment was not 

details shown, since various modifications and struc- measured, the process returns to step S2 and measures 

tural changes may be made therein without departing the A next ^ e TG »- 

from the spirit of the invention and within the scope and As soon as a positive answer is obtained in S5, i.e. if 

range of equivalents of the claims. ?f, reference was measured, a method step S6 

The method of operation of the invention, however, 55 measured segment time TG„ is 

together with additional objects and advantages thereof ™ * e Segment ^ of reference segment 

will be best understood from the following description T "* - c » ^, „ ^ , 

of specific embodiments when read in connect whh c * £f £ U °*£f ' ** l™' 

+\+- CI™ j n segment tunes of the successive segments logically asso- 

the accompanymg drawings. 60 ciated with the individual cylmdeVare mefS coX 

BRIEF DESCRIPTION OF THE DRAWINGS secutively: 

xtt/- i ;* - «~ i . c rz « « • . , In a method step S7 a counter is set to an initial value 

22^ ? chart of a first embodiment of the ofn=l. In a method step S8 the current segment time 

method according to the invention for detenmnmg TG„ is measured and stored. In a method step S9 the 

^SS?^ « UCS f °l mmvidual cylinders; and 65 counter is advanced by 1. A query in step S10 deter- 

FIG. 2 is a flow chart of a second embodiment of the mines whether or not the counter n has reached the 

method according to the invention for determining number of cylinders z, i.e. if a segment time for each 

correction values for individual segments. cylinder has been measured. Once the segment times for 
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all of the segments associated with the individual cylin- segment time of the reference segment TBo (method 

SSSSSS* "&2 follow method steps ST throngh SlO^e 

SfSSSw is measured S^iSS 5 ^0^^^^^^ of S 
ment TGo' corresponds to TGobut now two crankshaft 5 ^j^^^^XXylinders is used as the 

-SriTS«*. values for the mti^ua!^- ^ — SSSSff SK" 
ments associated with the cylinders are calculated con- thus only 1 suueo J^fv™ ' "™ i__ -j^. of ^ 
s-utiveJy in the following method steps S12 through ^ re £-^gmS StefnS 

a method step S12 a counter is set to an initial value ^£ n *fJjJ ec ^ values for ^ individual seg- 
of n= 1. In a method step S13 the correction value AZ„ J*^™1SS5 consecutively in method steps S12 
for the individual cylinder is calculated m accordance ^^^^^ute^i^ 3 ^ equation^ 
with the equation 15 °^ 

TBn-TBQ n . TBg - TOp' 

^ - r<S + z TGo 

where 2 represents the total number of cylinders. This ^ ^ ^ number of cylinder s is represented by z. 

equation applies to four-cycle engmes. equation applies to four-cycle engines. 

The correction value AZ„ is subsequently averaged correction values are then averaged (method 

(method step S14). The mean is arrived at, for instance, s „ f example according to the sliding averag- 

by a sliding averaging in accordance with the equation ^ ^^^ reXampl 

AZM n =AZM*i • (l-MITKO)+^2 a • MTTKO. B ZM n =BZM»x • (l-MTTKO+SZ,, • MTTKO, 

The term MTTKO is an averaging constant or where MTTKO is a weighting constant, 
weighting constant, and n is a dummy index for the mean COTOCticm values are stored in that the 

averaging operation Qt does not correspond to the seg- ^ correction values are overwritten (method step 
ment numbers). The averaging is recommended because ^" 

any systematic errors of the segments are superimposed ^ OTr rection values for all of the segments 

onto the coincidental errors such as fluctuations of the been determined, the flow returns from method 

system clock speed underlying the control system, tol- _ S17 to method step S2. In this case as well, the 
erances with the switching accuracy of the sensors and 35 ge tbq' that was measured last is used as the 

general oscillations or malfunctions originating m the n ew segment time TBo in the next cycle, provided that 
drive train. the operating state permits the next segment times to be 

The newly determined mean correction value is immediately in determining correction values, 

stored in that the old correction value is overwritten claim . 

(method step S15). _ _ i 40 x. In a method for determining a segment time re- 

in method step S16 the counter is advanced by 1. . ^ fof a ^ of a rotating crankshaft of an inter- 

After all the required correction values have been ^ combustion engine with z cylinders to rotate about 
determined, the process flow loops back from methoa & defined angular distance, in which the crankshaft or a 
step S17 to method step SZ tachometer disk connected thereto are provided with 

So that the next segment times can immediately be 45 which ^ scanned by an associated sensor, a 

enlisted to determine correction values, provided that mod for identifying and correcting errors in deter- 

the operating state of the engine permits it, the segment ^ segment time, which comprises: 

time TGo' measured last is used in thenext cycle as the measuring ^d storing a reference segment time 
new segment time TG n to be measured. CTGn% of a reference segment associated with a 

It is thus seen that the method according to the inven- 50 reference cylinder; 
tion perrmts the deterrninati subsequently measuring segment times (TG„) of 

individual cylinders. crankshaft segments associated with respective 

Referring now to FIG. 2, which describes an alterna- ^ Qf ^ cy ^ ders; 

tive embodiment of the method illustrated m RG. l, measuring and storing a new segment time (TGo') of 
correction values for individual segments are used. 55 tfae reference segment associated with the refer- 
Method steps SI through S4 correspond to the re- cylinder two full crankshaft rotations later; 

spective method steps in FIG. 1. ^ 

In method step S5 a query is performed as to whether calculating correction values (AZ„) for each of the 
or not the measured segment time is that of the reter- cylinders (n) in accordance with an equation 

ence segment. The reference segment differs from the 60 gyunuci v J 
reference segment of the first method in that it is no 

longer associated with a specific cylinder, but a specific ^ = ™n- tcq + U g V rGh 

marked segment of the crankshaft that is defined as 700 ^ 

beine free from defects. If the reference segment was . ^. 

nT&eTne measured, method step S2 is repeated and 65 where z represents a total number of coders; 

~V subsequently averagmg respective correction values 

measured, how- (S and'storing^e averaged correction vafces 
ever tne m^reT^ment time TB B is stored as the (AZM„); and correctmg the measured segment tunes 
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(TG n ) with the averaged correction value (AZM„) for 
forming corrected segment times (TK n ) according to an 
equation 

TK„t=TG n * (1— AZMn). 

2. The method according to claim 1, which comprises 
calculating the correction values during a thrust cutoff 
operating state of the engine. 

3. The method according to claim 1, which comprises 
calculating the correction values only within a given 
range of rotational speeds of the engine. 

4. The method according to claim 1, which comprises 
establishing a threshold value of a rotational speed, and 
calculating the correction values only below the thresh- 
old value. 

5. The method according to claim 1, which comprises 
performing the averaging step by calculating a sliding 
average according to an equation 

AZAf n =AZM„.\ • <l~MrrKO)-MZ,, • MTTKO 


10 


15 


20 


where n is a dummy index and MTTKO is a predeter- 
mined averaging constant between zero and one. 

6. The method according to claim 1, which comprises 25 
initializing the correction values with initialization val- 
ues during a first start of engine operation, and setting 
the correction values (AZ„) for each further start of 
operation to values determined and stored during a 
preceding engine operation, and performing the cor- 30 
recting step only after the calculating step has been 
performed a predetermined number of times. 

7. The method according to claim 6, which comprises 
initializing the correction values by resetting to zero. 

8. The method according to claim 6, which comprises 35 
setting the predetermined number of times to a value 
being inversely proportional to the predetermined aver- 
aging constant. 

9. In a method for determining a segment time re- 
quired by a rotating crankshaft of an internal combus- 40 identifying and correcting errors in determining the 
tion engine with z cylinders to rotate about a denned segment time, which comprises: 


10. The method according to claim 9, which com- 
prises calculating the correction values during a thrust 
cutoff operating state of the engine. 

11. The method according to claim 9, which com- 
prises calculating the correction values only within a 
given range of rotational speeds of the engine. 

1Z The method according to claim 9, which com- 
prises establishing a threshold value of a rotational 
speed, and calculating the correction values only below 
the threshold value. 

13. The method according to claim 9, which com- 
prises performing the averaging step by calculating a 
sliding average according to an equation 

BZM n — BZMn.\ * (l-MITKO)+SZ rt • MTTKO, 

where n is a dummy index and MTTKO is a predeter- 
mined averaging constant between zero and one. 

14. The method according to claim 9, which com- 
prises initializing the correction values with initializa- 
tion values during a first start of engine operation, and 
setting the correction values for each further start of 
operation to values determined and stored during a 
preceding engine operation, and performing the cor- 
recting step only after the calculating step has been 
performed a predetermined number of times. 

15. The method according to claim 14, which com- 
prises initializing the correction values by resetting to 
zero. 

16. The method according to claim 14, which com- 
prises setting the predetermined number of times to a 
value being inversely proportional to the predetermined 
averaging constant. 

17. In a method for determining a segment time re- 
quired for a segment of a rotating shaft to rotate about 
a denned angular distance, in which a shaft or a tachom- 
eter disk connected thereto are provided with marks 
which are scanned by an associated sensor, a method for 


angular span, wherein the crankshaft or a tachometer 
disk connected thereto are provided with marks which 
are scanned by an associated sensor, a method for iden- 
tifying and correcting errors in determining the seg- 45 
ment time, which comprises: 
measuring and storing a reference segment time 
(TBo) of a reference segment associated with a 
reference cylinder; 
measuring and storing consecutive segment times 

(TB R ) of all segments of the rotating shaft; 
measuring and storing the reference segment time 
(TBo') of the reference segment one crankshaft 
rotation later; 
calculating correction values (BZ„) for respective 
ones of the segments (n) according to an equation 


50 


55 


measuring and storing a reference segment time 

(TGo) of a reference segment; 
subsequently measuring segment times (TG„) of fur- 
ther segments (n) of the shaft; 
measuring and storing a new segment time (TGo') of 
the reference segment two full shaft rotations later; 
and 

calculating correction values (AZ rt ) for each of the 
segments (n), in accordance with an equation 


az„. 


TG„ — TCp 
TGo 


'TGo 


* (71Gb - TGo^ 


TB„ — TBo 


BZ »= TBo +^7*0--™-™ 


60 


where z represents a total number of cylinders; 
subsequently averaging the correction values and 

storing the averaged correction values (BZM„); 
correcting the actually measured segment times 

(TB„) with the averaged correction values (BZM„) 65 

according to an equation 

TBK„= TB n • {\-BZMd- 


where z represents the total number of segments; 
subsequently averaging respective correction values 

(AZn) and storing the averaged correction value 

(AZM„); and 

correcting the measured segment times (TG«) with 
the averaged correction value (AZM„) for forming 
corrected segment times (TK„) according to an 
equation 

TK B =TG fl * (1— AZMi,). 

18. In a method for determining a segment time re- 
quired by a rotating shaft to rotate about a defined 
angular span, in which the rotating shaft or a tachome- 
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ter disk connected thereto are provided with marks 
which are scanned by an associated sensor, a method for 
identifying and correcting errors in determining the 
segment time, which comprises: 

measuring and storing a reference segment time 

(TBo) of a reference segment; 
measuring and storing consecutive segment times 

(TB n ) of all segments of the rotating shaft; 
measuring and storing the reference segment time 
(TBo') of the reference segment one shaft rotation 
later; calculating correction values (BZ„) for re- 
spective ones of the segments (n) according to an 
equation 


10 


10 


where z represents the total number of segments; 
subsequently averaging the correction values and 

storing the averaged correction values (BZM„); 
correcting the actually measured segment times 

(TBn) with the averaged correction values (BZM„) 

according to an equation 

TBK n =TB n * {l-BZM^ 

***** 
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